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~~ Superior 
_ READABILITY 


Combined with 


PERMANENT 
ACCURACY 


are characteristics 
of any good ther- 
mometer, but... 


TAGLIABUE 
THERMOMETERS 


are more than just 
good thermometers. 
They are backed by 
an enviable reputa- 
tion built up through 
years of service. 
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Fj ‘ Patt DIVISION PARK & NOSTRAND rade 3, 
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NEW VARIAC FOR 400 TO 2600 CYCLES 






























DESIGNED for an increasing number of applications 
requiring the control of power at frequencies higher 
than 60 cycles, this new VARIAC meets the need for 
a unit for frequencies between 400 and 2600 cycles. 
It is a companion to the widely used Type 200-A 

having substantially the same power rating . . . 860 va; 

with a load current of 5 amperes, rated, and a maxi- 

mum current of 7.5 amperes near zero and line voltages. 








A number of new mechanical features are incorpo- 


200-CU NEW 60-AU | rated in the Type 60-A VARIAC. Included are: 
Ps 60 ~. } — 400-2600~ ! ® New unit brush construction requiring no 
PEs SAME POWER RATING. tools for brush replacement and designed 


to prevent contact between brush holder 
and winding when the brush wears away 


® Positive rotor contact with NO pigtail 
® Combination screw and solder terminals 
® Fully insulated hollow steel shaft 


® Improved bearings, suitable for motor drive 


As seen in the photograph, the Type 60-A VARIAC 
is considerably smaller than its 60-cycle counterpart. 
The Type 60-AU is priced at $13.00 and the 60-AM 
at $15.00. 

Because all VARIAC production is scheduled months 
in advance on high priority war orders for 60-cycle 
models, these new VARIACS are now available only 


UNIT BRUSH — REPLACED IN in sample quantities. 
A FEW SECONDS 








® WRITE FOR BULLETIN 922 





POSITIVE ROTOR CONTACT 
WITH NO PIGTAILS 


VARIAC 

5 SP... , 
= TYPE 60-AU 
| | 

; £:\ Be ein : 

{ Cambridge 39, Mass. 


~_” GENERAL RADIO COMPANY “”:::: 


. - LOS ANGELES 
MADE ONLY BY. 
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V V ith production currently running 
slightly ahead of war requirements, a 
limited number of the popular WESTON 
test instruments shown herewith are avail- 
able and are offered subject to prior sale. 
Orders can be placed direct, or with the 
WESTON representative in your vicinity. 
Literature available from...WESTON Elec- 
trical Instrument Corporation, 591 Fre- 
linghuysen Avenue, Newark 5, New Jersey. 


WESTON | 


INSTRUMENTS 
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EXCERPT: Above chart is taken from 
new Bridgeport Bellows catalog CE-100 
This valuable reference book sent upon re- 


quest. Includes information which should 
be in every data file. 
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[ Facts You Should Know About 
C.M.H. Stainless Stee] BELLOWS 


[' YOU PLAN to use bellows for vacuum equip- 
ment, 


recording instruments, hydraulic mechanisms, ro- 


thermostats, pressure controls, valves, 
tating shaft seals, or for other purposes, check 
these essential features of C.M.H. Stainless Steel 
BELLOWS. 


1. Corrosion resistant qualities of stainless steel enable wider appli- 
cation of C.M.H. BELLOWS. 





2. High and low temperatures do not affect the operating efficiency. 


Multiple ply construction gives even greater strength factors 


when needed. 


. Ferrous fittings, attached by Circular Seam Welding, assure 


permanent, leakproof joints. 


5. Uni-metal assemblies avoid the costly troubles encountered 


where bi-metal types are used. 


- Long lengths are standard production permitting economical use 
of C.M.H. Stainless Steel BELLOWS for many unusual types 

- of applications. 

. Befter delivery schedules are possible because C.M.H. BELLOWS 


are standard production products. 





For complete information 
about C.M.H. Stainless Steel 
BELLOWS and about the 
many types of Flexible Metal 
Hose in the complete C.M.H. 


line, write us today. 


Ask for Chicago Metal Hose 
Form SSB2 on which to submit 
your bellows requirements. It will 
save you time—assure more accu- 


rate transmittal of essential data. 














e 
AL HOSE Conporation 


MAYWOOD, ILLINOIS 





Piants: Maywood and Elgin, Hl. 
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COVER: Control room for twin test cells, Propeller Div 
Curtiss- Wright Corp., Caldwell, N. J. rn on —_ 
EDITORIAL: “What's Cooking?”. Ree Sees 
By M. F. Behar 
SEMI-PORTABLE CALIBRATING BENCH............0.W....... 
for a wide variety of electrical instruments 
By Mrs. N. M. Gilbert 
PREVENTING ELECTRIC LEAKAGE... 
—the peg caused by moisture 
By Lester F. Boss 
BAROMETER CORRECTION CHART... 
for mercury and brass-scale combination 
By G. Douglas Rice 
LOAD- AND STRAIN-MEASURING INSTRUMENTS... 
for rate-of-loading and constant-load tests 
By G. W. Foster 
COIL AND SCALE RATING RELATIONS........................ 
in a-c. instruments 
By Paul MacGahan 
ELECTRIC GAGING METHODS 
Miscellaneous types 
By H. C. Roberts 
ELECTRON TUBE PRINCIPLES... 
Measurement applications, concluded 
By A. W. Kramer 


FEBRUARY 1945 


Aviation Instruments Department 
TEMPERATURE-INDICATOR TESTER ..~..... 3... 
By M. J. Wiggins 
THERMOCOUPLE-WIRE STRAIGHTENER 
By William E. Colbath 
MOUNTING HAIRSPRINGS . cea eee 
By Pfc. Bill Engelhard 
CABIN TEMPERATURE CONTROL.............. 
{ Minneapolis-Honeywell } 
PRESSURE GAGE SPEEDS PRE-OILING...... Seta 
{Glenn L. Martin] 


New Instruments Department................ 


Indicators, recorders, meters, controllers, inspection 
devices, etc., for plant, field, aircraft and laboratory 
SHORTS: Front-cover picture story, by Camilla McComber, 
73. Pittsburgh University courses, 73. Testing 30,000- 
r.p.m. motors, 80. Speeding turbine-blade tests, 81. 


INSTRUMENT SOCIETY NEWS 5 inicio 
INSTRUMENTS’ BOOK SHELE... saeco 
MANUFACTURERS’ NEW LITERATURE... =. 
ADVERTISERS: TNE aticnee nce: 5 csi ciee msoeeall 


Published Monthly on the 15th by 
INSTRUMENTS PUBLISHING 
1117 Wolfendale Street, Pittsburgh 12, Pa. 
RICHARD RIMBACH Major M. F. 
Publisher Editor 
FIELD REPRESENTATIVES 
James Condon, 36 Myrtle St., Boston 14, Mass. 
y 
/ 
MEMBER 
Audit Bu- 


0829). R. K. Farnham, Room 617, 17 East 42nd St., 
17, N. Y. (Murray Hill 2-0821). Harold W. 

reau of Cir- 

culations 


THE 


Keith Bldg., Cincinnati 2, Ohio (Main 4260); Room 615, 
N. Michigan Ave., Chicago 1, Ill. (Andover 4299). 
t, 915 Olive St., St. Louis 1, Mo. 
. Pugh, 2989 Lincoln Ave., 
7.2894), Room 212, 541 
7981). 


(Chestnut 


Annual Subscription S. $2.00. 

Publishing Company,/Entered as second-class matter January 26, 

at the post office at Pittsburgh under the Act of March 3, 1879. 
Subscribers: Note that while the WPB Paper Limitation Order is in forcee— 
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Copyright 1945 by The Instruments 
1932, 


1. Send notices of changes of address before you move. Copies will not be sent 


to replace those not received by reason of moving. Two months’ 
should be given to assure change of stencil in time. 


advance notice 


2. Renew your subscription before it expires. If you do not remember the ezpir 


tion date, look for it on the address stencil. 


renewal must be received within fifteen days. 
8. No single copies will be sold. Back coples can no longer be furnished. 
4. No new or renewal foreign subscriptions can be accepted. 


Renewal notices will continue to 
sent before expirations, but only one notice will be sent to each subscriber ard 
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to get instant, accurate Temperature Readings! | | 


DEGREES 


FAHRENHEIT 


Circled is the exclusive Foxboro Ball-and-Trough linkage. A 
stainless stee] ball (A) integrally connected with the gear seg- 
ment (B) slides, practically without friction, in a chromium-plated 


trough (C) attached to the Bourdon Tube (D). 


Exclusive Ball-and-Trough linkage gives 
Foxboro Dial Thermometers positive 
pointer movement, up and down the scale 


When the pointer on a Foxboro Dial Thermometer points 
to any figure on the scale, it always means just what it says. 
And it takes no tapping of the dial face to make it tell the 
truth! 


The exclusive Ball-and-Trough linkage in this better-engi- 
neered instrument eliminates lost motion . . . insures positive 
positioning of the pointer, no matter which way temperatures 
move. What's more, it also eliminates all the angularity errors 
of lever-type linkages . . . gives uniform, accurate calibration 
over the entire scale! 


Add to this inherent accuracy, the accuracy-in-use features 
of Foxboro Dial Thermometers: rugged, all-metal construc- 
tion — accessible mounting of the indicator anywhere up to 
200 feet from the bulb— airplane-type dials that can be 
accurately read from a distance of 20 feet. You get a lot of 
extra value, at no extra cost! 


Write for full details in Bulletin 148-7. The Foxboro Co. 
46 Neponset Avenue, Foxboro, Massachusetts. Branches in 
principal cities. 














Enlarged view of Foxboro Ball-and-Trough. Dotted lines show 
typical change in. position corresponding with change in tem- 
perature. This linkage provides constant, tangential point- 
contact . . . eliminates lost motion and angularity errors. 


FOXBORO DIAL THERMOMETERS | 


REG. U. S. PAT. OF 
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#ment. There are no large, 
and “freeze.” 


The introduction to this country of a method for mass 
»roduction of interchangeable precision tapered glass tubes 
s another SK contribution which, with other SK develop- 
vents, largely accounts for today’s wide industrial use of 
otameters. Behind these developments, of course, is the 


ET APPARATUS . CONDENSERS AND VACUUM PUMPS 


OW INDICATORS # GEAR PUMPS ¢ STRAINERS e¢ OIL BURNING 


HEAT TRANSFER EQUIPMENT . 
EQUIPMENT e SPRAY NOZZLES AND ATOMIZERS ¢ RADIAFIN TUBES 


ee *.% ~~ Te 


Universal Rotameters 


SCHUTTE & KOERTING COMPANY 
Manufacturing Engineers 


1169 Thompson Street 
Philadelphia 22, Pennsylvania 


VALVES . ROTAMETERS 
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THE production of high-efficiency electrical and 


electronic equipment demands close control over the 
manufacture of most of the parts which go into it. 

To be certain of accurate control over component 
parts, Connecticut Telephone and Electric Division 
manufactures an unusually high percentage of them 
in its own plant. For instance, we produce our own 


magnets, wind our own coils. Stampings and screw 


WHY WE LIKE TO 


“ROLL OUR OWN” 


machine products are turned out to our own stand. 
ards, in our own shops. 

These facilities for complete fabrication of the 
more essential elements of a piece of electrical or 
electronic equipment are as important to our cus. 
tomers as to us—they result in a better product at 
a “‘better’’ price . . . also assurance of our ability t 


keep delivery promises. 





MAGNETS have a great deal to do with the 
efficiency of many types of electrical apparatus. 
Specially developed alloys treated in our own 
electric furnaces permit close control over the 
performance of C. T. & E. products. 

















CONNECTICUT TELEPHONE & ELECTRIC DIVISION 
GREAT AMERICAN INDUSTRIES, INC. « MERIDEN, CONN 


TELEPHONIC SYSTEMS ¢ SIGNALLING EQUIPMENT ¢ ELECTRONIC DEVICES e ELECTRICAL EQUIPMEN 
HOSPITAL AND SCHOOL COMMUNICATIONS AND SIGNALLING SYSTEMS ¢ IGNITION SYSTEM 
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OULD you use some Hydrometers or Etched Stem 

Thermometers? Then it’s a good thing you saw 
this ad! Taylor Instrument Companies are in a posi- 
tion to make good deliveries on both of these essen- 
tial items in any reasonable quantity. Let us send you 
our latest revised catalogs and prices covering the 
complete lines of both Taylor Etched Stem Ther- 


nometers and Taylor Hydrometers. 


Hydrometers are standard in the streamlined “‘Easy- 

<leen”’ pattern which permits instrument to sink rapid- 

y to its floating point, and makes cleaning a simple 

>rocess. Most of the hydrometers listed have Permax 

-nameled flat metal scales which give three times the 

ingle of vision of conventional paper-scale hydro- 
neters. Furthermore it cannot slip, being firmly an- 
hored in alloy weighting material. Excellent for tem- 
eratures up to 285°F. 

‘tched Stem Thermometers are available in a wide 
uriety of types within limits of minus 200° and plus 
10° centigrade or equivalent Fahrenheit. Mail cou- 
on for either or both of these catalogs today! 


AYLOR INSTRUMENTS MEAN ACCURACY FIRST! 








0 YOU NEED 


HYDROMETERS 
OR ETCHED STEM 
THERMOMETERS ? 





BUY AN EXTRA WAR BOND TODAY! 


hhh hhh iti ii iii ii iii iii 
. 


Taylor Instrument Companies 
Rochester 1, New York 
Please send me your catalog on: 
O Taylor Etched Thermometers 
O Taylor Hydrometers 
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BETTER STUFFING BOX DESIGN 


Like all the other points of advanced 
design in the Series 100 Rotameters, the 
construction of the stuffing boxes was 
not patterned after existing design but 
was carefully studied to insure positive 
leak-proof performance even when 
metering corrosive fluids under high 
pressure. Study of the two stuffing 
box designs shown above will illustrate 
this. In both designs, pressure on the 
packing is exerted at A as the fitting is 
screwed tight and, because the packing 
is solidly backed up at D, the pressure 
is distributed evenly over areas B and 
C. The most effective sealing is accom- 
plished by the long cylindrical seals of 
B and C becauseof their greater surface 


If the sealing action at A would alone 
be sufficient a simple ring gasket 
would serve the purpose. Leakag: 
along C is safeguarded in both designs 
but when the fluid gets past A, th 
ordinary case-type rotameter shown a 
the right will leak, because seal B is i 
no way effective; the leaking fluid wil 
find outlet through the clearance 
metal-to-metal joints and threads above 
it. With the Cochrane construction 
shown at left, similar passage of flui 
across A produces no leak because th 
whole surface of sealing face B must lx 
traversed by the fluid before it can ge 
out. Cochrane design is a real stuffin; 
box 


Other Exclusive Features of SERIES 100 ROTAMETERS: 


No Damaged Floats (Spring Float Stops 
Guide Rod Centered in Metering Tube 


Easy Adjustment of Stuffing Boxes 


Easy to Change from One Service t 
Another (Interchangeable Tubes 


Easy to Read (White Backed Tube 


COCHRANE CORPORATION, 3120 N. 17th St., Phila. 32, Pa 
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nished instead ¢ 





Sales Repr 
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The New Line of ROLLER-SMITH 142” Panel Instruments 






esign and development of this line of 114” 

instruments were based on rigid U.S. Army Air 

Force specifications. ‘They are built to withstand 

extreme conditions of temperature, humidity, 

vibration and shock, and immersion tests have 

hen desired, solder lugs can be fur- 


shed instead of the connecting studs shown demonstrated their ability to withstand a hy dro- 


static pressure of 14.7 psi. 


Roller-Smith’ 144" instruments are now avail- 
able in d-c voltmeters, 1000 ohms per volt, i 
all practical ranges above 50 millivolts; d-c am- 
meters in all practical ranges above 500 micro- 
amperes. For certain applications instruments 

a4 - can be supplied with ranges below those speci- 

& DIA. 4 HOLES %4.40 CONNECTING STUDS fied. Correspondence is invited. 


Ont) . 


Sidon Miiiinatadiias STANDARD AND PRECISION ELECTRICAL INSTRUMENTS + AIRCRAFT INSTRUMENTS * SWITCHGEAR * 
In all Principal Cities AIR AND Oil CIRCUIT ‘BREAKERS » ROTARY SWITCHES + RELAYS + PRECISION BALANCES 
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= “f 3. Rugged, trouble-free construction — 
en - == ~ § uction. Guardi 
° used e 
4. Accuracy over entire flow range. 
° = from de 
{+ 5. Simplex bell-shaped float which translates th: 
his low cost Simplex instrument meets the high half power of the differential into uniform a”, 
? fees . . hing 
standards for accuracy, sensitivity and dependa- graduations of chart and dial. = 
ility required in measuring flow rates in water 6. Direct reading totalizer of the 7 digit type. 
" and sewage, as well as in power and process plants. . . . . tn cor 
I ? I I Complete data is now available in Bulletin shock 
| —_—_—— , 7 ne .S , om ; , . 
1ese are some of the advantages of the Simplex 350 — straight-forward, factual information curren 
MS Meter: ith d . — and test data. Write mont t 
with drawings, charts, ant test data. rite curren 
1. Operates efficiently with any suitable primary for your copy today — specify the Simplex MS — 
: ° > 5 : eries 
device. . 16 
Meter in tomorrow’s record 
2. Is installed and maintained economicatly. planning. of tho 
cyyeury The 
Say tectior 


SIMPLEX VALVE & METER CO. 
6786 UPLAND STREET, PHILADELPHIA 42, PENNA. 
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FOR OVERLOAD PROTECTION 





IN ELECTRIC SHOCK TREATMENTS 





Offner Electric Shock Therapy apparatus 
has been widely prescribed for treatment 
of psychiatric patients for more than five 
years. From the very first experimental 
model to present-day production units, 
Guardian Overload Relays have been 
used exclusively to protect the patient 
from dangerous current surges. 


Ka gs BY GUA RDIAN 


In certain types of mental disorders it is possible to 
shock patients back to normal by passing an electric 
current through brain tissues. Naturally the patient 
must be protected against the possibility of excessive 
current surges. Such protection must be positive— 
dependable. In providing this protection, Guardian 
Series L Overload Relays have established a perfect 
record for safe, dependable performance in hundreds 
of thousands of known treatments. 


The Series L Overload Relay provides accurate pro- 
tection against surges and overloads. Standard coils 


GUARDIAN 


1638-B W. WALNUT STREET 


Ea a 







Offner Electric 


\ 


7q 


attract on 150, 250, 500, or 750 milliamperes; coils for 
operation on other current values are available on 
specification. 

The large, oversize contacts used on this relay can 
take severe overloads without damage. They are rated 
for 1500 watts on 110 volt non-inductive A.C. and in 
A.C. primary circuits of any inductive power supply 
delivering up to and including 1 kilowatt. Contacts 
lock open and cannot be reset until overload is removed. 
For further information, write for Series L bulletin. 


\QELECTRIC 


CHICAGO 12, ILLINOIS 


A COMPLETE LIME OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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Shock Therapy Apparatus 











Breeze Flexible Tubing, manufactured in many diameters from 
a wide variety of metals, is used as ventilation and exhaust 
ducting in industrial, aircraft, marine and automotive applica- 
tions. The same basic tubing, with the addition of a braided 
metal covering, becomes light-weight shielding conduit, used 
extensively for shielding ignition systems and any electrical 
circuit to insure dependable radio communication. 

Manufactured from a continuous strip of metal, Breeze Flexible 
Tubing and Conduit can be furnished cut to length, with neces- 
sary end-fittings for any conduit installation. 


CORPORATIONS. INC. 


Newark, New Jersey 
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Breeze Flexible Conduit 
\. for shielding or ducts 


Many different types of interlock construction — plain, 
packed, and soldered—are available to meet varying use 
requirements. A few of these are illustrated below. 
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RUGS— for magnetic separa- 
ating packaging equipment 
wer supply for processing. 
DC need from any AC sourée. ns DPNDUSTRIAL PLANTS—for DC motor 
. " operation, electric brakes, general test- 
@ PUBLIC UTILITIES—for station oe ing and generator field excitation. 
"service, floating storage batteries 
operating controls. S * 


CHEMICAL AND METALLURGICAL—DC Federal’s exclusive CENTER 
power for refining, electroplating, My CONTACT Selenium Recti- 
electro-cleaning and laboratory analysis. ¥ < of @ fier discs provide new pro- 

tection against corrosive 


METALWORKING—for operating mag- atmosphere,arenowin Federal PowerSupply 
netic equipment such as grinders, equipment. FIRST IN THE FIELD: ...STANDARD 
chucks, lifts and vibrating hammers. FOR INDUSTRY. Write for Bulletins. 
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This Multi-frequency generator fur- 
nishes the frequencies shown above at 
the turn of a switch. All frequencies are 
obtained from a temperature-compen- 
sated tuning fork and voltage-stabilized 
circuit. 


With this unit it is possible to calibrate 
oscillators at many selected points with- 
out encountering complex oscilloscope 
patterns. One of the uncertainties in- 
volved in development work on tuned 


Manufacturer of 


the 








circuits, filters, reeds—and in time meas- 
urement can be minimized with the aid 
of this instrument. 

Developed primarily to check frequency 
meters for precision war work, this 
Multi-frequency generator possesses a 
rugged durability and dependability in 
service that will prove an extra value to 
many laboratories. 

Additional information available on re- 
quest. 


American Time Products, 


sf fF. 


580 Fifth Avenue 


Western Electric 
Watch-rate Recorders 


New York 19, N. Y.. 


INC. 
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at Every Station 
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Electric motors driving the intricate mechanisms of 
machines that transmit and record messages verbatim 
must have identical operating characteristics at every 
station. Since standard ‘‘off-the-shelf’’ motors cannot 
meet the strict performance requirements, such as uni- 
form, synchronous speed, quietness, load cycles, etc., 
the solution is a special motor designed to exactly meet 
the particular operating conditions. 

For over 50 years Holtzer-Cabot has 
designed and built special motors to fit 
the application. Many machines such 
as teletype machines, and other sending 





125 AMORY STREET, BOSTON 19, MASSACHUSETTS *¢ CHICAGO 


Uniform, Synchronous Speed 











Teletype Machine powere 
and receiving equipment are Holtzer-Cabot powered 
Aithough, today, all of our plant facilities are being 
utilized for building special fractional H.P. motors for 
military use, our motor development engineers will 
gladly discuss your post-war motor requirements with 
you. No obligation of course. 


LTZER-CABOT 


Division of F 


rporation 


Designers and Builders of Special Fractional HP Mofors and Electrical Apparatus 


* NEW YORK, NEW YORK © PHILADELPHIA, PENNSYLVANIA 
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@ Aerovox selection ranges from tiny ‘postage- 
stamp” molded-in-bakelite units to giant porcelain- 
cased stack-mounting units. These many varied 
types are standard with Aerovox—in daily produc- 
tion—available at quantity-production prices. 

The following factors are suggested in guiding 
your selection 

Electrical: (a) Capacitance and tolerance; (b) D.C. 
voltage rating; (c) Current-carrying capacity and 
frequency characteristics; (d) Allowable tempera- 
ture rise ard maximum operating temperature; (e) 
Special characteristics such as temperature co- 
efficient, retrace, etc.; (f) Special operating condi- 






MICA | 


SPECIFY AEROVOX 


Be sure you have the Aerovox 
Capacitor Manual in your 
working library, for general 
guidance. And for final insur- 
ance covering satisfactory re- 
sults, just specify Aerovox 
Capacitors. 


tions such as high humidity, altitude, extreme 
temperatures, etc. Mechanical: (g) Basic type; (h) 
Terminals; (i) Case; (j) Mounting holes; (k) Name- 
plate data. 

Yes, Aerovox expects you to select that type best 
fitting your particular requirements in every way. 
And Aerovox is ready to help you make the proper 
selection. Remember, Aerovox Application Engi- 
neering — that “know-how” second to none in the 
industry—can make all the difference 
between disastrous makeshifts and \\ 
the most satisfactory results. 


AEROVOX 








INDIVIDUALLY TESTED 


AEROVOX CORPORATION, NEW BEDFORD, MASS., U.S.A. SALES OFFICES IN ALL PRINCIPAL CITIES 
Export: 13 E. 40 St., New Yorx 16, N. Y. - Cable: ‘ARLAB’ - In Canada: AEROVOX CANADA LTD., HAMILTON, ONT. 


























INTERRELATED 


THE easy range-changing feature of the Brown 
Mechanical Flow Meter has proved to be of great 
advantage to users. 

If the original flow estimate is found in error 
(as it is in many cases) or if the average rate of 
flow changes (as it frequently does), the orifice 
need not be disturbed, nor another meter body 
installed to obtain the required range. With the 
Brown Mechanical Flow Meter all that is required 
is to install a mew range tube of proper size in the 
meter body and use a chart of matched range in 
the recorder. 

Range tubes make range changing easy—quick— 
inexpensive—no shutdowns or loss of records. 

Seven interchangeable range tubes make it pos- 
sible to get a four to one change in meter capacity 


BROWN 


RANGE TUBES 








in steps of roughly 25 per cent. 

Other range tubes (25, 50, 100 and 200 inches 
of water differential capacity), and special range 
tubes for liquid level applications, are also available. 

When ordered a valve manifold is supplied as an 
extra for all flow applications and for liquid level 
applications when required. Equipped with two 
shut-off valves and equalizing valve of forged steel 
with stainless steel trim. 

Write for Catalog 2204, THE BROWN IN- 
STRUMENT COMPANY;; a division of Minne- 
apolis-Honeywell Regulator Company, 4482 Wayne 
Avenue, Philadelphia 44, Pa. Offices in all princi- 
pal cities, 119 Peter Street, Toronto, Canada— 
Wadsworth Road, Perivale, Middlesex, England 
—Nybrokajen 7, Stockholm, Sweden. 


FLOW INETERS 





... MINMEAPOLIS - HONEYWELL CONTROL 











SYSTEMS... 
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FLOW METER] 
MANIFOLD 








PATENT APPLIED FOR 





















ELIMINATES UP TO 22 PIPING JOINTS - - = - 
MINIMIZES INSTALLATION & MAINTENANCE COSTS 
STANDARDIZES METER PIPING - - - + + + = = + LAF 
PREVENTS "LOSS OF SEAL"'—INSURING YOUR 

INSTALLATION AGAINST HAZARDOUS BREAKDOWNS 


THE FOLLOWING CONSTRUCTIONAL FEATURES ARE FURTHER EVIDENCE § On the 








OF “ENGINEERED DESIGN FOR FIELD RESULTS” of sale 
product 

1. DESIGNED TO FIT ALL METERS. into th 

tronic 


2. Seats, discs and stems of high 4. With valve fully open, pressure | equipm 











grade stainless steel; give perma- 


on the stuffing box is shut off — A cri 


nent life to the Manifold; seats this allows the valve to be packed pai 
are renewable. with pressure on the system. quent ¢ 
. Stem threads are of micrometer . Suitable for working pressures up er 
adjustment to prevent surge when to 1500 p.s.i. in steel and 450 § voltage 
valves are first opened. p.s.i. in bronze. to the 
















For full information regarding this and other Belfield Products, consult our Engineering Department. 


REQUEST BULLETIN #644 ¢ 
ol 


H. BELFIELD COMPANY 


Since & 1836 / 
| BROAD and HAMILTON STS., PHILADELPHIA 23, PA. 


NEW YORK OFFICE - 225 BROADWAY, N. Y. C. 


‘ 


te 








gi 
DESIGNERS, ENGINEERS, MANUFACTURERS OF REGULATING VALVES, CONTROL VALVES & STEAM SPECIALTIES . . 
ransfor 


Oil Burne: 
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On the drafting boards of hundreds 
of sales-minded design engineers, 
product insurance is being written 
into the specifications of new elec- 
tronic and electrically operated 
equipment. 

A critical analysis of sales depart- 
ment records of past performance 
usually discloses that the most fre- 
quent cause of equipment failure or 
sub-standard performance is the 
one most often overlooked — field 
voltages that do not correspond 
to the rated voltage at which the 


conta fomers 


trical Tow 


DISCIPLINED 


equipment is designed to operate. 

Today sales-minded design engi- 
neers make certain that carefully 
controlled laboratory voltages, on 
which the operation of their equip- 
ment is predicated, go with it into 
the field, by writing ““SoLa Constant 
Voltage Transformers’”’ into their de- 
sign specifications. In many cases 
the inclusion of the “CV” trans- 
former is accomplished at an actual 
saving in cost over standard equip- 
ment design. 

Thus rated voltage is available at 


LABORATORY VOLTAGES accompany your equipment 
into the field with built-in CONSTANT VOLTAGE 


all times because SoLa Constant 
Voltage Transformers instantly cor- 
rect fluctuations as great as 30% to 
less than +1% of rated require- 
ments. These sturdy, automatic 
transformers require no pampering 
or supervision. They protect both 
themselves and the equipment 
against line surges and short cir- 
cuits. 

Standard units are available in 
capacities from 10VA to 15 KVA or 
special "units can be built to your 
specifications. 


(Bom - b 
wre fj / 


cv-102 








sk for Bulletin 





Transformers for: Constant Voltage « Cold Cathode Lighting « Mercury Lamps « Series Lig*ting » Fluorescent Lighting » X-Ray Equipment + Luminous Tube Signs 


Oil Burner Ignition + Radio + Power + Controls * Signal Systems » Door Bells and Chimes + etc. SOLA ELECTRIC CO., 2525 Clybourn Ave., Chicago 14, Ill. 
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NEW RECTIFIERS FOR SIMPLIFICATION 
OF CIRCUIT DESIGN PROBLEMS. 


STANDARD MODELS OF 
COPROX RECTIFIERS 


Lee en ae a ipo 










Many variations are possible with 






the basic Coprox Rectifier models 





described at the left. Bradley's 






Coprox Model CX-2E4-A9, 
ring-connected and mounted 


application experience can help 





in tube base, detects phase 





differentials in A.C. currents 





you, not only in the use of these 


and small D.C. potentials ap- 
plied to balanced A.C. cir- 






cuits. Maximum 4.5. volts 





units but also in the development 





continuous. Shown here in 





actual size 





and production of special recti- 






VY) 








fiers for special jobs. Here are 





the special features of all Bradley 





? 


Coprox Model CX-IC2BI, a 


center tap, full wave rectifier 





Coprox Rectifiers: 





Completely enclosed in Bake- 
lite. Low capacitance. Rec- 
tifies high frequency current 
Conservatively rated up to 
4.5 volts A 3.0 volts 
D.C., 500 microamperes D.C 


Coprox Model CX-4D4F23, 
a full wave rectifier with high 
conversion efficiency, for elec- 
tronic control work. Rated at 
5 volts A.C., 40 milliamperes 
D.C. continuous. Fully en- 


@ Gold coating of ‘pellets’ to com- 
bat aging. 




































Other models and capacities closed. Mounts on a single m 
to meet all needs screw. 
a oe @ Pre-soldered lead wires, or special ut 
terminals, to prevent overheat- th 
Coprox CX-3E8C3 double . . co ; 
beidee rectifier ns aggre ing during asse mbly. 
rent and temperature cur- rc 
poet Soprecteriesses @ High leakage, low forward resis- 
o , B oa ° 
Rocco fre Hated tance, for efficient operation. C 
up to 4.5 voits AA... 3 
volts DC ‘ ore: ° 
ee et ees e@ Waterproof lacquering or wax be 
ee ee potting, for perfect sealing. (; 
e@ Highly adaptable mountings. 
Coprox CX-2E1HS (Not il @ Ratings are very conservative. 
lustrated) Single half-wave Oo 


rectifier rated up to 4.5 
volts A.C., 3.0 volts D C., 2.5 For samples and special data 
milliamperes D.C. —— 


which will help you design more 










. as 

Coprox CX-2E4F2 (Not il- Coprox CX-2E2D4 (Above) efficient circuits that will stand i 

lustrated) Full wave rectifier Double half-wave rectifier 

rated up to 4.5 volts A.C., rated up to 4.5 volts A.C up longer than others, write The al 
i 3.0 volts D.C., 5 milliamperes 3.0 volts D.C., 2.5 milli- ‘ le 
D.C. amperes D.C. Bradley. Ask any questions you a 
j ‘ . | 
have in mind. As the 


balane 




















ant. : chang 
ts an - a 
, pookl P ey, toe ae meter 
A Bradley suggest the = ification. ba life : 
vailable, worker which built for ount- z e 
penne ways in . are ied m f maint 
. d . a wi . 

d for comrernese = NSS Oe Tra me made, 

testing P sufficient =) Ss. Pa 






operate 1 


LABORATORIES, INC. | iam 


82 MEADOW ST., NEW HAVEN 10, CONN. : 


*Power 
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Most Powerful 
Flow Meter 
Ever Made 


alk 
390 re a 
80 i 1 

70 ret ad | 
a~ COCHRANE 
MECHANICAL METER 




















That is an unusual statement to 





make about any commercial prod- 





uct, but the evidence, as shown by 





the test chart at the right, leaves no 














PERCENT METER CAPACITY 
wa 
° 


















































room for doubt. e At high scale, the 40 
Be ? con = ORDINARY 
Cochrane Tilting U-tube Meter de- os / MECHANICAL METER 
velops a torque of 56 inch-pounds / | 
a 20 

(8 lbs. of mercury operating on a +“ 
7-in. radius). Other mechanical type « 
meters develop only a few ounces | 

/ oO 5 10 15 zo 25 30 | 
of torque. TORQUE AT PEN ARM PIVOTS — INCH POUNDS 





T HE SECRET 0 F COcH RANE POWER 





The difference in rate of flow in the pipe line changes the level of the 
mercury in a sealed U-tube which is balanced on a knife-edge bearing. 
As the mercury shifts from one side to the other of the U-tube, the 
balance swings, moving indicator, pen arm and integrator to record the 





change in flow. Simple... powerful... never-failing. If you have a tough 
metering job, if your operators are unskilled in instrument care and 


ae Re ae 


maintenance, if you want the simplest and most powerful flow meter 
made, this Cochrane Tilting U-tube Meter was made for you. Write 
today to Cochrane Corporation, 3120 N. 17th St., Philadelphia 32, Pa. 











*Power as expressed in the formula at the top of this page, in ratio to low friction, is the secret of flow meter ACCURACY 
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PERMANENT 
2 MAGNETS” 


Many have asked us, particularly in recent years, 
“Where's the connection between ‘CINAUDAGRAPH'’ 
and ‘PERMANENT MAGNETS’®” There’s a clue... in 
fact, two clues... as to the connection. Analyze our 






































company name carefully and you'll get it. 


Yes, our interest in permanent magnets goes back 
many years... back to a period when we manufac- 
tured electronic equipment and designed and made 
our own magnets. Thus, our knowledge of permanent 
magnets encompasses not only their design and man- 
ufacture but their application. 


a Today, as for some years past, our business is exclu- 
Deane thy, / sively “PERMANENT MAGNETS”. And much of the 
j e | knowledge stored up has been set down in writing in 
-/ : j the pamphlet illustrated at the left. If you are working 
; “9 on the design of magnets or are using them, you 
should have this information in your files. Send for 

j your copy. 


Send for our pamphlet 
PERMANENT MAGNET 
DESIGN 














CINAUDAGRAPH 


CORPORATION 





2-CC-3 











4 SELLECK ST. STAMFORD, CONNECTICUT 
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Dear Fischer & Porter: 

































Please give me a rotameter for 
flow-rate measurement that is fully en- 


closed with safety glass windows so that 





my workmen are protected and so that no 


pipe fitting "butchers" can wreck the 





metering tube. Make it rigid so that it 
will take full pipe strain without 


"giving" but, if it isn't too much to ask 
at the same time, make it so that by re- 


moving a couple of little nuts or screws 





it will fall apart in my hands for easy 


repairs. And then, of course, it has got 
to be highly accurate so that it will 
really tell me what's going on. 





Dear Mister Engineer: 

We received your letter and did something about 
it. In fact, we obtained sketches and written ideas 
from 250 engineers, and then designed the new 
Master-Enclosed Rotameter. 

It is fully enclosed—it 1s rigid—it will come 
apart readily—it zs highly accurate. Don’t believe 
us—send for Bulletin 25-D, which gives the complete : 
and instructive details. 


This illustration shows how easily the meter 
astern’ FISCHER & PORTER COMPANY 


packing glands may be tightened without 
2302 COUNTY LINE ROAD + HATBORO «~ PENNA. 


Boe eae ee 














opening the meter 
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Equipment for seismic reflection 
shooting has to be ruggedly con- 
structed to assure reliable and 
continuous operation in all types 
of terrain. Heiland Refiection 
Equipment is quantity produced 
to quality standards. Much of it 
has been in service so long that 
its year after year reliability has 
come to be universally accepted 
in the U.S. and abroad. 





HEILAND RESEARCH CORPORATION 


DENVER, COLORADO 
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---@ Signal generator 











This new -/p- Audio Signal Generator embodies 
many new features which are very desirable. Out- 
: standing among these is the new main frequency 
dial which enables the engineer to make ex- © 
tremely accurate settings. Parallax is completely 
void and the vernier adjustment is smooth and 
positive. A spring loaded gear drive, built on a 
heavy cast frame, maintains accuracy of settings. 
The Model 205-AH consists of an -hp- Resistance- 
Tuned Audio Oscillator, an output meter, an 
impedance matching system and an attenuator 











BOX 980C STATION A : 





YOU ARE LOOKING AT 
ANOTHER NEW-hp-INSTRUMENT 


HEWLETT-PACKARD COMPANY 


PALO ALTO. CALIFORNIA 


for use below 100 kc 





set. The frequency range is from 1 kc to 100 ke, 
maximum power output is 5 watts, the hum level 
is at least 65 db below output voltage and the 
frequency response is + 1 db from 10 kc reference. 
The output attenuator provides 0 to 110 db in 1 
db steps, while the output meter is calibrated 
directly in volts at 500 ohms and in db above 1 
milliwatt level. 







specification sheets are ready for 
engineers who write immediately. 
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When war called for 
greatly increased supplies of in- 
dustrial alcohol, installation of 
this control panel helped a mid- 
western distillery to step up its 
production of high-proof spirits. 
These control instruments made 
possible the quick conversion of 
a low-proof distillate tower to 
production of 190-proof alcohol. 


Each of the recording and con- 
trolling instruments is driven by 
a synchronous, self-starting 
Telechron motor. They record 
and control the feed to the 
tower, the steam used in distilla- 
tion, temperature of the cooling 
water, and the vacuum in the 
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SPEEDING SPIRITS FOR 
WAR USE 
WITH TELECHRON MOTORS 


tower. Their smooth, constant 
speed keeps the distillation 
process at peak efficiency — 
around the clock. 


Telechron motors are avail- 
able in sizes from 12 to 250 


TIMING CYCLING MEASURING 
CONTROLLING OPERATIONS GAGING 
METERING SIGNALING REGULATION 
RECORDING FIXED PROCESS COMMUNICATIONS 
SWITCHING CONTROLLING 


Our more than 25 years’ experience in making synchronous, sel! 
starting motors for instrumentation is available to you for the 
asking. Just write Motor Advisory Service, Dept. A. 


Telechrion 


REG. U.S. PAT. OFF 


WARREN TELECHRON COMPANY 































Your country needs your 
dollars NOW. Buy Wor 
Bonds—and HOLD them 


volts for all commercial fre- 
quencies — and from 1 to 1800 
rpm. Accurate, dependable and 
flexible, they are used in all 
kinds of industrial operations. 


Their applications include: 


e ASHLAND, MASSACHUSETTS 





MAKERS OF TELECHRON ELECTRIC CLOCKS AND SYNCHRONOUS ELECTRIC MOTORS 





co DO 












‘STRUTHERS-DUNN 


INC. 















* Each available in 
countless coil combinations 


1321 ARCH STREET, PHILADELPHIA 7, PA. 


he DISTRICT ENGINEERING OFFICES: ATLANTA © BALTIMORE « BOSTON ¢ BUFFALO e CHICAGO « CINCINNATI « CLEVELAND 
DALLAS ¢ DENVER ¢ DETROIT ¢ HARTFORD © INDIANAPOLIS © LOS ANGELES © MINNEAPOLIS © MONTREAL 
NEW YORK ¢ PITTSBURGH © ST. LOUIS « SAN FRANCISCO © SEATTLE « SYRACUSE * TORONTO * WASHINGTON 





aS 
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built it. 
In lt 





| Nor only does the image in the mirror show a view of these 1 KVA POWERSTAT$ 
but it reflects the years of experience gleaned by SECO engineers in designing variable voltage transformers, 
IAI] the “know-how” gained through laboratory research, technical achievement, and customer demand i fancy, | 
incorporated into these new 116 and 216 models . .. assuring a POWERSTAT with features offered by 0 








facture: 
other unit of comparable size. | 
TYPE 116 TYPE 216 and 9ci 
Input. . . « 115 volts, 50/60 cycles 230 volts, 50/60 cycles conduc 
Output voltage . « « O-115 and 0-135 volts 0-230 and 0-270 volts 
Output current . . . 7.5 amperes available over entire 3.0 amperes available over entire source 
output voltage range. output voltage range. 
Output watts . . . . 1000 va 810 va was ou 
No-load power loss . . 3.5 watts 3.5 watts 
Dimensions . . . . Over-ail 51/16 x 67/8 x 63/8 inches high sonal ¢ 
3 mounting holes — 120 degrees apart on 2% inch radius. 
As ilkustrated, this type of POWERSTAT is available either cased or uncased ... the uncased model designated 
by the letter ““U” following the type number. JAM 
For further information, write for your copy of bulletin 116 SI. 
¥ “MEG < 


?ADE WN 


421 LAUREL STREET e BRISTOL, CONNECTICUT ~~ 


Page 
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USINESSES, like people, usually have distinct, in- 

dividual personalities. The smaller the business. the 
more clearly it will reflect the character of the man who 
built it. 

In 1895, when the electrical industry was in its in- 
fancy, James G. Biddle went into business as a manu- 
facturer’s agent, selling electrical measuring instruments 
and scientific apparatus. One of his basic aims in the 
conduct of the business was to be more than a mere 
source of supply. He decided to provide a service that 
was outstanding by reason of its alert, interested. per- 


sonal character. This aim has never been changed by 





siness, Like Yours, 


| oe ® is D 


. 


A few comments based on 
the first 50 years of the 
JAMES G. BIDDLE COMPANY 


Mr. Biddle or his associates during the last half century. 
It will continue to be an important factor in the policies 
of the James G. Biddle Company in the years to come, 


We are committed to this. 
* 


In celebration of our 50th anniversary, we have prepared a 
brief booklet entitled “Report at Mid-Century.” It touches 
upon interesting points regarding the growth and advance- 
ments of the electrical field in general and our business 
in particular. We would be pleased to send you a copy 


upon request, 


JAMES G. BIDDLE CO. . 1211-13 arcu sTREET ~ PHILADELPHIA 7, PENNA. 


AEGGER''* INSULATION TESTERS, 
FREQUENCY METERS « ‘‘JAGABI"’ 


RHEOSTATS » 


ADE MARK REG. U. S. PAT. OFF. 


GROUND TESTERS AND OHMMETERS > 
INDICATING HAND TACHOMETERS » 


““FRAHM'’ TACHOMETERS AND 


SCIENTIFIC APPARATUS 
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WEBSTERMELECTRIC 
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and more accurate to conducting 
fatigue tests which insure more de- 
pendable airplane propellors. All 
of these services and experiences, 
now devoted to war, will enable 
us to serve you better when peace- 


time needs are again paramount. 





ORIGINATORS 
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TREBEST kW0U0 NAUWIES ON THE MAR PRODUCTION 
FRON] DEPEND ON JAORDARSON lal ITF 


Throughout the trying periods encompassed by 3 wars. . 
years of peace since 1895 . . . Thordarson leadership has been accentue ted by its associ- 
ation with the most outstanding concerns in America. 

Especially on the present world-wide war fronts...where the marvels of research lab- 
oratories and the handiwork of production geniuses may be seen in action...there also 
will be found the results of Thordarson experience and Thordarson engineering ability. 

Thordarson Transformers and Amplifiers are ‘‘good right hands”’ to a host of America’s 
leading organizations who are concentrating on winning the war as quickly as possible. 


‘Thordarson products are helping to do everything from making communications easier 


















. and in all the intervening 

























TRANSFORMER DIVISION 


THORDARSON ELECTRIC MFG. CO. 


500 WEST HURON STREET, CHICAGO, ILL 


4 


OF TRU-FIDELITY AMPLIFIERS 
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eG see Away, 






For work in which the inspection of internal sur- 
faces is a factor, Polan Borescopes give detailed, 
minute inspection. 

Requiring no special operator training, Polan 
Borescopes are practical in usage. Designed for 
inspection of gun bores, bored engine shafts, cylin- 
ders, etc., with absence of eye fatigue. Efficient 
inspection of bore diameters ranging from 20mm 
to 9 inches; lengths up to 30 feet. 


Write today for your copy of Borescope Bulletin No. 506. 





WEST VA. 
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PERMANENT MAGNETS MAY DO tT BETTER 


Basic Types of Air Gaps 


The space required for a magnetic field is known 
as an “‘air gap.”’ Most of the fundamental types 
of air gaps are illustrated above—from the fa- 
miliar form shown in “A,” which is simply a 
permanent magnet with an armature adjacent 
to the poles of the magnet, to the inductor type 
alternator such as type “‘L.” 

The basic forms of permanent magnets and 
their associated air gaps are subject to infinite 
variations. They are used in a rapidly growing 
number of applications... potentially, there 
are unlimited uses for permanent magnets as 
yet undiscovered. 

In specializing in permanent magnets since 
1910, we have discovered and engineered many 
advances in magnetic technology with the result 
that this company is now the largest in the 
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country manufacturing permanent magnets ex- 
clusively. 

If you are making products which might func- 
tion better through the employment of magnetic 
energy, our engineers will be pleased to consult 
with you. Write for complete information. Ask 
for a copy of “Permanent Magnets Have Four 
Major Jobs.” 


THE INDIANA STEEL , 
PRODUCTS COMPANY 


6 NORTH MICHIGAN AVENUE ¢ CHICAGO 2, ILLINO! 


* 


Specialists in Permanent Magnets Since 191? 


COPYRIGHT 1945, THE INDIANA STEEL PRODUCTS COMPANY 








PERFECT EXPOSURE BECAUSE 


=x OF SHUTTERS AND FLASH-BULBS 
ie 
ay ( & — ®Y Ry MONT 


% Testing of photographic shutters: measurements of flash-bulb 
characteristics; calibration of lens diaphragm openings; compari- 





son of transmission factor of lenses: opacity and density measure- 
ments—such are typical applications of versalile DuMont Oscill- 


ography to still better photography. 


Typical of this technique is the pre- 
cise checking of shutter speeds. 
Fig. 1 shows an oscillogram ob- 
tained with arrangement in Fig. 2. 
Light intensity passing through 
shutter is directly plotted as a func- 
tion of time. 


When shutter opens, light from 
neon lamp falls on photo-cell. Both 
cell and neon lamp operate on D.C. 
Output from photo-cell directly, or 
D.C. amplified if necessary, is ap- 
plied to vertical deflection plates 
of cathode-ray tube. A timing wave 
modulates the cathode-ray beam, 
so that plot appears as dotted line. 
the distance between two adjacent 
dots being determined by the pe- 
riod of the timing wave. 


This oscillogram discloses the 
elapsed time for the opening shut- 
ter, the full opening, and the clos- 
ing shutter, calibrated in time ele- 
ments of 1/1000ths of a second. 


Fig. 3 discloses the characteris- 
tics of a flash-bulb again in terms 
of 1/1000ths of a second. Equip- 
ment used is shown in Fig. 4. A 
relay, delayed for about 1/30th 
second, starts the flash after the 
start of the single sweep. 


This flash-bulb checkup deter- 
mines: (1) Time elapsing between 
closing of battery contact and start 
of flash; (2) Duration of flash itself; 
(3) Measurement of peak luminous 
output: and (4) Determination of 
total light output (by integration). 


Typically DuMont Oscillography. No doubt there is an equally 
important application in your laboratory, on your production line, 
or out in the field. Submit your problem for our suggestions and 


engineering help. 


} Write for Literature 


© ALLEN B. DUMONT LABORATORIES, INC 








OUMUN Clachemais «len 
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, PASSAIC, NEW JERSEY + CABLE ADDRESS: WESPEXLIN, NEW YORK 


~t:\ 


ee 





ALLEN B. DUMONT LABORATORIES, INC. 
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FURNACE-TYPE IMMERSION COUPLE 
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BASE-METAL COUPLE IN PROTECTING TUBE 
WITH BUSHING WELDED ON TUBE 


NIPPLE — 





Ee 



















HEX HEAD-| 





> 















UNIVERSAL HEAD 





















BASE-METAL COUPLE IN PROTECTING WELL 
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PLATINUM COUPLE WITH 
FYRESTAN PRIMARY TUBE 
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A Slegan For Every American 


PLATINUM COUPLE WITH 
FYRESTAN PRIMARY TUBE AND 
SILICON CARBIDE SECONDARY TUBE 





THERMOCOUPLES 


Because the reliability of «a thermocouple pyrometer depends 
to a great extent on its temperature detector, thermocouples and 
couple parts are a specialty with us—one to which much research 
and engineering, and many manufacturing and testing skills are 
devoted. Some of our widely-used designs are shown above, assem- 
bled in the shorter lengths for convenient illustration; we eithe: 
assemble couples for your needs, or supply parts. 


All wire for couples and extension leads is thoroughly checked 
for thermal electromotive force in our thermocouple laboratory. 
Instruments of our own make—special thermal-free low range 
potentiometers, our famed Wenner potentiometer which will reach 
down to one microvolt, and checking furnaces specially designed 
for this job—are used to check these wires with the same thoroug)- 
ness devoted to checking our laboratory and industrial igstruments. 


LX&N “all-weather” heads are an outstanding feature of our 
base-metal industrial couples. These heads give weatherproof pro 
tection to the asbestos-compound terminal block, and position the 
block by a single screw—inserting or removing the wires is 
simple matter. ‘lubes of iron, steel, ceramic ware, and special a 
loys insure sensitive, durable protection for couples. 


For complete listing of parts and assembled couples, send fi 


Catalog N-33A(6). 


LEEDS & NORTHRUP COMPANY, 4955 STENTON AVE., PHILA, PA. 





LEEDS & NORTHRUP; 


MEASURING INSTRUMENTS 


TELEMETERS AUTOMATIC CONTROLS HEAT-TREATING FURNAC! 5 
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EDITORIAL COMMENT 


What’s Cooking? 


yi -NTY, brother, plenty in the sense of thousands upon 
I usands of new things for your postwar plant, labora- 
aircraft, vehicles, or other instrument application. 

s is the thought that came to my mind when I read 

first two lines on page 46 of the January General 
I ric Review which is entirely devoted to “Electrical 

opments of 1944’”—the annual review of G-E achieve- 
ts which Guy Bartlett has been ably preparing for 
it ten years. These first two lines read as follows: 

lore than 2000 new and variations of existing models of 

ic instruments were developed during the year.” 

e same mail brought a photograph and mimeographed 
news release from another giant corporation which makes 
electrical instruments among thousands of other electrical 

lucts, namely, the Westinghouse Electric & Mfg. Co. 
From the mimeographed story the following is qucted: 

. These dials, largest and smallest made by Westinghouse, 

fy the tremendous range of sizes and types of electrical 








iments ... The huge dial is used in large generating plants. 
On aircraft where space and weight are at a premium minia- 
instruments like that shown are installed...” 


Owing to paper shortage I resisted the temptation of 
eproducing the 8 X 10 photo almost full-size to convey to 
ui the effect it produces. I hope this will do it:— 


F vavidins, 


| 







~ 


MEGAWATTS 








From now on, no mere words of mine could do justice 
to such a big story! Every reader can write his own edi- 
torial in his own mind. Furthermore, many of you are 
engaged in activities—both military and civilian—where 
you use instruments, meters, testing machines, automatic- 
control systems, remote-control systems, automatic-inspect- 
ing machines, etc., etc., of new types, or of marvelously 
refined designs, which the censors have not yet released. 

Yes, brother, plenty’s cooking in the field of instrumen- 
tation! If America were to achieve a sudden victory over 
both the Nazis and Japs, and if the censorship were to be 
lifted suddenly over every scientific and engineering develop- 
ment now kept secret ... AND if all of the thousand-odd 
instrument manufacturers were to release descriptions and 
photographs on the same day, we probably would have to 
wire the WPB Paper Conservation people, begging them to 
give us enough tonnage to bring out an issue in which 
“The Month’s New Instruments” Department could print 
thousands of descriptions and pictures. 

This is a big IF and the chances are that it will not 
happen this way. As a matter of fact, I’m happy to testify 
that the censorship has not been blindly rigid: on the con- 
trary, both the Army and Navy censors have been permit- 
g the disclosures of many new developments in the field 
of instrumentation. Thanks to their vision and understand- 
ing, numerous radically new developments HAVE BEEN RE- 
PORTED in this magazine—in feature articles as well as in 
the “New Instruments” Department. 

Although I am not acquainted with more than a tiny 
fraction of what is going on in the research and develop- 





ment departments of instrument companies, I feel safe in 
asserting, furthermore, that a report such as that of G-E 
does not necessarily mean that every item included in the 
grand total is completely “new.” Mr. Bartlett’s words are 
“More than 2000 new and variations of existing models 

” from which I assume that the great majority are 
“variations of existing models” such as tropicalized con 
structions for service in the Pacific. And even the ‘new 
models” are mostly, I assume, just what these words mean, 
rather than instruments and meters employing new prin- 
ciples, new circuits, etc. 

On the whole, therefore, you need not iook forward to 
a 400-page issue of Instruments a month or two following 
the day when our boys shall have achieved final victory. 
I don’t know just how quickly the censors will lift restric 
tions and how quickly the thousand-odd instrument com- 
panies will prepare their descriptions. Nobody knows how 
this will be worked out. Of course, I am making plans to 
give you a first-rate reportorial job in this coming period 
of disclosures, but personally I believe that this period will 
last SIX MONTHS OR MORE, owing to the numerous problems 
involved in converting special war instruments to the needs 
of America’s postwar civilian industrial structure. At any 
rate, brother, plenty’s cooking! —M. F. BEHAR 


FRONT-COVER PICTURE STORY 


Curtiss Wright Propeller Test Cells 
By CAMILLA McCOMBER 


The new $500,000 Twin Test Cells recently constructed at Cald 
well, N. J., by the Propeller Division of Curtiss-Wright Corp. ars 
part of the largest privately owned laboratory of its type in th: 
world, with many ‘“‘firsts’ to its credit. 

For the first time two Venturi-type or “straight-through 
chambers are provided for testing propellers up to 30 ft. in 
diameter driven by in-line or air-cooled engines of 5,000 hp. or 
more. (Largest props so far designed are 18% ft., driven by 2200- 
hp. engines.) Whereas old propeller cells were L-type or U-type, 
originally built for engine or plane model tests, the new outsized 
twin chambers furnish airflow that simulates the straight air 
stream to which propellers are subjected in actual flight. Eacl 
of the twin cells is 38 ft. wide at the front and rear, constricting 
to a 31-ft. throat Venturi in the center. 

Another unique feature is that engines and propellers of a 
wide variety of sizes can be mounted in the cells. Precise 
control of engine operation is afforded for the first time by a 
combination of cooling systems, with uniform uninterrupted air- 
flow projected by blowers through the propeller disk on whicl 
engines are mounted. 

An important feature is the soundproof contro! room located 
centrally between the twin cells, providing remote control for all 
equipment in both cells. For the convenience of operators, all 
essential controls for the stress-testing of engine-propeller units 
are grouped together around the observation windows, one of 
which faces each cell. 

Another “first” is the Walter Kidde & Co. high-pressure ‘“three- 
way” carbon-dioxide fire-extinguishment system. 


Tuition-free War Training Courses at 
University of Pittsburgh 
Classes begin Week of Feb. 19 and end in latter part of May 


[Announcement received too late for January issue. Readet 
receiving this issue at last moment might try ‘phoning the 
ESMWT Office at the University, SChenley 8715. The following 
is an incomplete list, reporting only the courses of greatest inter- 
est to our readers in Western Pennsylvania.—Editor] 

Department of Electrical Engineering 
Electrical Equipment, Maintenance and Test—Course I 
Industrial Electronics 
Department of Industrial Engineering 
Time Study 
Advanced Time Study 
Department of Metallurgical Engineerin 
Inspection and Heat-Treatment of Tool Steel 
Department of Chemistry 
Laboratory Techniques 
Metallurgical Analysis II 
Glass Blowing for the Laboratory 
Food Testing and Control in Industry 
Iilectrical and Optical Instrumentation 
Department of Physics 
Special Problems in Applied Spectroscopy 
Special Problems in X-ray Diffraction 
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Fig. 1. 


Front view of upper part of test set, showing control panels and standard instruments. 


A Versatile Semi-portable Calibrating Bench for 
Electrical Instruments 


By MRS. N. M. GILBERT, Electrical Measurements Section, Bell Telephone Laboratories, New York City 


‘ ) J AR ACTIVITIES have greatly 
augmented the work carried on 
in our outlying laboratories, 

with a correspondingly large increase 

in the number of electrical instruments. 

To avoid the delay and inconvenience 

of returning the instruments periodic- 

ally to West Street* for calibration, a 

test set has been designed that permits 

all ordinary voltmeters and ammeters 
to be quickly calibrated with engineer- 

ing accuracy. For either a-c. or d-c. 

voltmeters, the range extends to 750 

for a-c. ammeters it extends to 

100 amperes; and for d-c. ammeters, to 

50 amperes. The first of these units is 

already in use at the Whippany (N.J.) 

laboratory. 

As shown in Figs. 1 and 1A, the test 
set consists of a laboratory type table 
with control panels mounted above the 
rear edge, with standard instruments 
arranged along an inclined shelf be- 
neath the control panels, and with 
horizontal space for placing the instru- 
ments under test. Beneath the top, and 
visible through plate glass windows, is 
a high-voltage compartment used for 
voltages greater than 150. It is equipped 
with an a-c. and a d-c. standard volt- 
meter with space between them for the 
instrument under test. Beneath this 
compartment are batteries for the d-c. 
voltage and milliampere tests, and on 

*Mrs. Gilbert’s department is in the build- 
ing at 463 West St. in the lower Manhattan 
district of New York City—where most of 
Bell Labs’ standardization and calibration 
work is done.—EDITOR. 


volts; 
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Fig. 1A. General view of test set. 


the shelf to the left is a 6-volt storage 
battery for d-c. ammeter calibration. 
Power for all a-c. calibration is taken 
from the 115-volt 60-cycle commercial 
supply. 

A-c. calibrations are controlled from 





the panel at the extreme right and the 
narrow jack panel immediately to th: 
left of it, which may be seén in Fig. 1 
Associated with these panels are three 


standards: a two-range voltmeter (0-1.5 


and 0-3 volts) and a two-range am 
meter (0-2.5 and 0-5 amperes) on th: 
inclined shelf directly beneath the con 
trol panel, and a two-range voltmete: 
(300 and 750 volts) in the high-voltag: 
compartment. All are Weston instru 
ments, the voltmeters being Model 341 
and the ammeter, Model 370. 


Control for all a-c. measurements is 


through two Variacs in the primary 
circuit of a power 
supplies seven testing voltages from its 
tapped secondary. The arrangement i: 


shown in Fig. 2. A voltage regulator, 


arranged to be cut into or out of th: 
circuit, is normally used for all voltag: 
calibrations and for current calibra 
tions up to 30 amperes. Because of it 


limited capacity, it must be cut out of 


the circuit for larger currents. On 
Variac gives coarse control of voltag: 
the other, fine. Connections are take 
from the tapped secondary for bot 
voltage and current calibrations throug! 
selector switches. After a range selec 
tion has been made, control is deter 
mined by adjusting the Variacs. 

For a-c. voltage calibrations the cit 
cuit is as shown in Fig. 3. The uppe 
left dial on the a-c. panel controls th 
two brushes marked A and B at the lef 
to select the desired range. The brushe 
move together, with B selecting eithe 


transformer that 
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the 450- or 750-volt transformer tap, 
fer a high-voltage calibration, and A 
selecting for all\other voltages. Above 
1.5 volts, the 3-volt winding of the 
standard is used, but a chain of ac- 
curately-calibrated multiplier resistors 
connected in series with it permits the 
proper range to be selected by the plug 
and jacks on the narrow panel at the 
left of the control panel. After the 
proper voltage tap and the range of the 
standard have been selected, the volt- 
age is adjusted to the proper value by 
the Variacs, controlled by the two dials 
at the bottom of the panel. 


For a-c. current measurements, the 
circuit is as shown in Fig. 4. The upper 
central and upper right dials on the 
control panel are used. The upper right 
dial selects a transformer tap that will 
provide the desired amount of current, 
while the upper central dial, controlling 
the two brushes C and D, selects the 
proper range on the standard ammeter. 
For either 2.5 or 5 amperes the C brush 
makes contact directly to one of the two 
instrument windings, but for all higher 
currents, it makes connection to a 
tapped current transformer with a 5- 
ampere secondary. 

For calibrating d-c. voltmeters, and 
d-c. ammeters up to 200 milliamperes, 
a range switch and two voltage-dividing 
resistors are employed in conjunction 
with four batteries: a 3-volt battery 
with a tap at 1.5 volts; a 45-volt bat- 
tery not tapped; a 180-volt battery with 
taps at each 22.5 volts; and a 540-volt 
battery with taps at every 135 volts. 
The range switch is controlled by the 
upper left dial of the third panel from 
the right of Fig. 1, and the resistors 
are controlled by the two right-hand 
dials at the bottom of the panel. The 
standard instruments employed (all 
Weston Model 622) are: a voltmeter in 
the high-voltage compartment for meas- 
uring voltages above 150; a similar 





= 


the proper position. The voltage applied 
to the instrument is then controlled by 
two voltage-dividing resistors. These 
resistors, connected in series to give 
coarse and fine adjustment, will have 
been connected across either the 3- or 
45-volt battery by the range switch. For 
voltages above 40, other batteries are 
connected in series with the voltage- 
dividing resistor. 

For calibrations in the high-voltage 
compartment, the circuit is as shown in 
Fig. 5. Voltage adjustment is secured 
for the most part by the two dials at 
the lower left. One, marked “135” and 
connected to the 540-volt battery, gives 
185 volts per step, while the other, 
marked “22” and connected to the 180- 
volt battery, gives 22.5 volts per step. 

For voltages from 2 to 150, the 150- 
volt-range voltmeter on the inclined 
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voltmeter, but with seven ranges ex- 
tending from 1.5 to 150; a millivolt- 
meter with four ranges from 2 to 2,000 
millivolts; and a milliammeter with 
four ranges from 0.2 to 200 milliam- 
peres. 

In making a test, the range switch 
is turned to the proper position for the 
instrument to be calibrated, thus mak- 
ing a connection to the proper standard 
and also to the proper battery com- 
bination. The range switch on the 
standard instrument is also turned to 


p22 4) 







COARSE FINE 
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as 


shelf is selected, and either of two cir- 
cuit arrangements is used. One, em- 
ployed for voltages from 40 to 150, is 
like Fig. 5 except that the 540-volt bat- 
tery is out of the circuit. For the other, 
used with voltages from 2 to 40, both 
the 540- and 180-volt batteries are out 
of the circuit. For either of these cir- 
cuits a switch permits reversing the 
connections to the instrument under 
test. 

For measurements below 2 volts, the 
millivoltmeter is used, and the circuit 
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Fig. 5. Circuit for measuring 





d-c. voltages above 150. 
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Fig. 6. Circuit for millivolt- 
meter calibration. 


Fig. 7. Circuit for d-c. cali- 
brations above 200 ma. 
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in Fig. 6. The resistance 
marked RF has a different value for each 
of the three possible ranges using this 
test circuit, 0 for the 2-volt range, 135 
ohms for the 200-millivolt range, and 
1,350 ohms for the 2,000-millivolt range. 
Only the 3-volt battery is used, and 
connection is made to it through the 
upper right dial. This is normally kept 
in the maximum (“X11”) position, but 
a half voltage reading may be obtained 
by turning it to “XX.” 

For milliampere calibrations, the cir- 
cuit is the same as Fig. 6, but with a 
switch included to permit the connec- 
tion to the instrument under test to be 
reversed. Four milliampere points are 

n the range switch: MA-Low, 
ents up to 1 ma.; MA-MED, for 

from 1 to 10 ma.; MA-HIGH 
(2v.), for currents from 10 to 100 ma.; 
and MA-HIGH (40v.), for currents from 
100 to 200 milliamperes. The circuit for 
the latter point differs from Fig. 6 in 
using the 45-volt battery. 

For checking instruments at currents 
greater than 200 ma., a 6-volt storage 
battery is used as shown in Fig. 7. The 
shunt-is a Weston rotary type con- 
trolled by the dial on a narrow panel 
from the left. With this dial, 
any of six shunts (1, 2, 5, 10, 20, or 50) 
may be selected. The voltage-dividing 
and series resistors are controlled by 
the four dials on the left-hand panel. 
Since compact rheostats with high 
enough resistance to give fine control 
for the lower current ranges and cap- 
able of carrying the larger values of 
current were not available, an inter- 
locking mechanism was designed to pre- 
vent any combination of settings that 
would endanger any one of the rheo- 
stats. This is shown in Fig. 8. Each 
rheostat has a different current capac- 
ity, and the winding of the lowest- 
valued resistance, the last in the chain, 
has a tapered winding. The linkage is 


is as shown 


marked 
for cul 


currents 


second 
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Interlocking linkage 
control rheostats. 


Fig. 8. 
on current 


arranged so that a rheostat is locked 
in its “OUT” position before settings of 
the others can be made that would en- 
danger it. With this arrangement, ade- 
quate adjustment is available over the 
entire range without overheating any 
of the rheostats. 

Beside these various controls used for 
the actual calibrations, there are pilot 


POSTWAR 


INSTRUMENT 


lamps to indicate when power is 
various circuits, and switches for open 
ing or reversing various circuits. Al 
circuits are completely fused for pr 
tection, and the connections betwee 
batteries are carried through doo 
switches so that, when the cabinet doors 
are opened, not more than three 45-volt 
batteries are connected together. 


OPPORTUNITIES 


Exmeterman Turns to Watchmaking 


ANY watchmakers became instru- 
M ment maintenance and repairmen 
in the Armed Forces (and in civilian 
capacities) during the National D 


~~ LP 


fense program before Pearl Harbor; 
and many more since then. But what 
of our future supply of watchmakers? 

Clifford T. Johnson, of Glendale, 


Calif., honorably discharged service- 
man who for twelve years serviced 


meters for the Iowa-Nebraska Light & 
Power Co., Lincoln, Neb., has chos: 
watchmaking as his postwar career 
One of the first ex-soldiers to take 





vantage of training offered under t 
“G.I. Bill of Rights,” Johnson is «¢ 
rolled at the American School of 
Watchmaking, Glendale, Calif. In te 
picture above he is operating a Paulson 
Time Micrometer. 
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Preventing Moisture-caused Leakage 
in Electrical Instruments 


By LESTER F. BOSS, Curator of Apparatus, Mellon Institute, Pittsburgh 


¥\ OR several years the writer was 
«* employed at a laboratory located 
“- at an exposed place directly on the 
astern shore of the United States. 
High relative humidity and consequent 
condensation was a source of consider- 
able trouble in the form of electrical 
leakage in sensitive electrical apparatus 
and other moisture-sensitive equipment. 
As a matter of fact, for extended pe- 
riods in May and June, moisture con- 
densed on the walls of the lower levels 
and ran out on the floor. Also, steady 
fog-laden winds drove moisture through- 
out the building. 

Most of the trouble was due to the 
temperature of the apparatus being be- 
low the dew-point temperature, with 
consequent condensation of moisture. 
This occurred mostly in the early morn- 
ing hours, after the building (and its 
contents) had cooled, and when warm 
air of high relative humidity entered 
the building. 

By maintaining the temperature of 
the apparatus two or three degrees 
above the ambient temperature, all this 
trouble was prevented, except in the 
case of hygroscopic materials. The tem- 
perature was maintained above ambient 
by several means which will be de- 
scribed and which are recommended. 
rhe simplest is listed first. 

(1) Radiation from a small desk 
amp directed on the apparatus over- 
night. This is satisfactory for small 
apparatus constructed of heat-conduc- 
tive materials so that the back will also 
be above ambient, and so that the tem- 
perature gradient will not be a source 
if trouble. 

(2) Heating the room by means of a 
small vented gas flame or electric heat- 
er. A few cubic feet of gas per hour or 
a couple hundred watts are usually ade- 
quate. The vented gas heater has some 
advantages inasmuch as it removes air 
from the room. Electric heat would be 
as good if provision was made for the 
positive admission of a small amount 
of fresh air. The point here is that 
moisture from the walls and occupants 
vould tend to raise the relative humid- 
ity, thereby defeating the purpose of 
the arrangement. 

(3) Cabinet with a continuous sup- 
ply of warmed air. The cabinet should 
have a sliding window front so designed 
and counterweighted that it may be 
opened fully for the purpose of setting 
up apparatus. In use, the window is 
raised sufficiently to admit the opera- 
tor’s hands and forearms. The air flow 
is outward, thereby keeping the appara- 
us completely immersed in warm air. 

In cases where warm air is used, 
either in a cabinet or a room, it is im- 
portant that the circulation be good. 


Convection gives satisfactory circula- 
tion if the heater is placed low and 
particularly if a tall stack, such as two 
or three lengths of stove pipe, is used. 
An insulated stack connected near the 


bottom of a cabinet and extending to. 


the floor is quite satisfactory. In all 
cases the heater should be placed near 
the lower end of the stack. 

Fans may be used to circulate the air, 
but are usually not necessary and may 
be objectionable because of the noise. 

In applying heaters to instrument 


cabinets, such as used in rack-and- 
panel assemblies, it is suggested that a 
small stack extending nearly the height 
of the cabine: be used, with the heater 
placed near the lower end but so located 
that the contents of the cabinet are 
shielded from radiation from the heater. 
This will give good circulation with a 
minimum of local heating. 

Dehumidification by means of absorp- 
tion or refrigeration types of units is 
satisfactory but usually unnecessary. 

In general, low humidities are not re- 
quired, except where hygroscopic ma- 
terials are involved. It is important that 
the temperature of the apparatus al- 
ways be above the ambient temperature. 
Dehumidification invariably involves a 
temperature cl.ange and should be kept 
in mind if this means is considered. 


Temperature-corrected Readings for 
Brass-scale Mercurial Barometers 


INCHES OF MERCURY AND DEGREES FAHRENHEIT 
By G. DOUGLAS RICE, Springfield, Mass. 
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Corrected reading located on a straight line drawn tangent to the temperature 
curve and through the observed reading. 
Example shown: 


Ho=29.25"; T=70°F.; Ho=29.14” 
where Ho is observed height and Hc is corrected height. 


Chart is based on formula: 


0.0001001 (°F. — 82) — 0.00001041 (°F. — 62) 





Hoe = Ho — [ Hox — 


- 0,0001001 (°F. — 32) 
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Fig. 1. 


RST Puts 
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Load and strain measuring devices showing location of indicating dials, electric timer, placard for inserting typewritten entries, etc. 


Load and Strain Measuring Instruments for Use in 
Rate-of-loading and Constant-load Tests 


By G. W. FOSTER, Engineer, Forest Products Laboratory,* Forest Service, U. S. Department of Agriculture 


r \ESTS made at the Forest Prod- 
ucts Laboratory, in cooperation 
with the Army-Navy-Civil Com- 

mittee on aircraft design criteria, to 
determine the strength characteristics 
of wood in compression parallel to grain 
under high rates of loading necessitated 
the development of the special load and 
strain measuring devices shown in Figs. 
1 and 2. The equipment was used to 
measure the effect of rate of loading on 
ultimate strength, proportional limit, 
modulus of elasticity, strain at ultimate 
and at proportional limit of specimens 
matched to controls tested at standard 
speed; also to determine the duration 
of constant loads that were attained by 
rapid application and which ranged 
from 94 to 120 percent of the ultimate 
load of matched control specimens test- 
ed at the standard speed. 


LOAD-MEASURING DEVICE 


The load-measuring device, shown in 
Fig. 1, consisted of a 3” diameter steel 
tube 37” long with flat bearing caps 1” 
thick at each end. Two collars, 30” 
apart, were connected by two 4” round 
rods. The collar near the top was rigid- 
ly bolted to the tube; the other collar, 
near the base, pivoted on two conical 
points. The rods were threaded at each 
end for attaching to the collars and to 
a dial indicator mounted on the upper 


*Maintained at Madison, Wisconsin, in co- 
operation with the University of Wisconsin 
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collar. A short length of 0.050” diam- 
eter wire was interposed just above the 
lower collar in each rod to reduce bend- 
ing of the rods. 

The dial indicator, graduated to 
0.0001”, measured the deformation of 
the tube resulting from the load applied 
to the specimen. 

Calibration of the tube, up to a load 
of 13,000 lbs., with attached dial, was 





accomplished by placing known loads on 
the tube and reading the dial. The 
calibration, checked frequently during 
the progress of the tests, remained es- 
sentially constant. 


STRAIN-MEASURING INSTRUMENT 


The _ strain-measuring instrument, 
Fig. 2, consisted of two steel yokes con- 
nected at one end with a flexure plate 





Fig. 2. Strain measuring instrument showing specimen in place and pin removed. 
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t free to move at the opposite end. A 
k connection, attached at one end by 
ermanent pivot and at the other by 
‘emovable pin, served to fix the gage 
gth and to position the two limbs of 
t instrument with respect to each 
tier during insertion of the specimen. 

strain measurements were made by 

aching the instrument to the speci- 
men by conical-pointed thumb-screws 
baring on small steel pins embedded 

the tangential face. A dial indicator, 


and the full-scale values of alter- 
nating-current instruments there 
are some definite relations; but they 
are not always self-evident. It is the 
purpose of this article to make these 
relations, and their reasons, more clear- 
understood by the users of a-c. 
instruments. 

First of all, the full-scale marking 
of an instrument is not necessarily the 
same as the rating of its coils.1 Most 
a-c. power circuit instruments operate 
from the secondaries of instrument 
transformers; some, however, operate 
directly from the measured circuit; but 
even in the case of the latter, the car- 
rying capacity or rating of the coils 
may differ from the full-scale marking 
of the dial. 

As exemplified in Fig. 1, the nominal 
ratings of the coils are generally speci- 
fied by notations in small type on the 
dials or the name-plates, and in the 
manufacturer’s catalog listings. People 
don’t like to read small type, but please 
note that there are ten notations on the 


1ASA Instrument Specification C-39 (4.1) 
2ASA Instrument Specification C-39 (7.8) 


By ana the: the nominal coil ratings 
4 


graduated to 0.0001” and secured by a 
set-screw to the lower bar, measured 
double the strain over a 2” gage length. 
The instrument was calibrated by means 
of an optical comparator. 


RECORDING OF DATA 


The rapid movement of the dials, due 
to loading times varying from 30 sec- 
onds to % second, required the use of 
a high-speed 35-mm. motion-picture 
camera for the recording of the data. 


Instruments 


By PAUL MacGAHAN 


Fig. 1 dial: if they were enlarged, the 
appearance of the dial would be spoiled. 

In the case of ammeters or volt- 
meters the relation between the coil 
rating and scale marking is readily 
shown by the dial notations: in most 
cases the coil capacity is the same as 
the full-scale, or as the full-scale di- 
vided by the transformer ratio in the 
case of transformer-operated instru- 
ments. 

The nominal rating of the coils or 
circuits in an instrument must however 
be designed to be equal to, or less than, 
the maximum current or voltage to 
which they may be continuously sub- 
jected without exceeding their permis- 
sible temperature rise. This rating 
may be much less in special applica- 
tions. 

In wattmeters and power factor 
meters (as well as in watthour meters 
which are not “instruments”’), there is 
no direct relation between the amperes 
or volts and the watts. For any given 
value of watts, the amperes or volts, or 
both, may be almost anything, depend- 
ing upon circuit conditions. Very well, 
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Fig. 1. ‘Read the small type!’’ A typical wattmeter dial plate, with 
coil rating and calibration data notations. (15/16ths actual size.) 


The camera, which was hand-operated 
at speeds ranging from approximately 
two frames per second (for tests last- 
ing 80 seconds) up to 60 frames per 
second (for the fastest rate of loading) 
included in its field the load and strain 
indicating dials, an electric clock read- 
ing to 0.01 second, and a placard listing 
the number of the specimen and other 
details. The pictures were later read 
by use of a microfilm viewer, and the 
data were tabulated and plotted. 


Coil and Scale Rating Relations in Alternating-current 


let us take up these conditions one by 
one. 
AMMETER CONDITIONS. 

The nominal rating of an ordinary 
ammeter is usually its full-scale mark- 
ing, and the coil must be designed to 
carry the load continuously. 

In special cases the coil may be dif- 
ferent, as in the case of a circuit where 
it is intended to show momentary over- 
loads while using a current transformer 
equal to the continuous rating of the 
line. 

However, whatever current trans- 
former ratios are used, it is self-evident 
that the amperes in the coil per ampere 
on the scale must agree with the ratio 
of transformation. 

The usual secondary current rating 
of current transformers is 5 amperes. 
The primary may be any standard value 
which will carry the measured circuit 
satisfactorily. Ordinarily, but not al- 
ways, this primary rating will be the 
same as the full-scale marking of the 
ammeter, in which case the full-scale 
coil current is obviously 5 amperes. In 
other cases it may be desired to have 
the ammeter read higher currents mo- 
mentarily; or in special cases continu- 
ously. In these cases the full-scale coil 
current is no longer 5 amperes. Where 
the distance between the instruments 
and the transformer is very long, cur- 
rent transformers with one-ampere 
secondaries have been used. 

For example, if in an ammeter the 
scale is marked zero to 500 amperes 
and the instrument is intended for use 
with a 500/5 current transformer 
(ratio 100:1) it is obvious that full 
scale deflection will be obtained with 5 
amperes in the coil. Thus, in this first 
example, the coil rating is 5 amperes. 

For our second example we shall as- 
sume that for some reason peculiar to 
the installation, an ammeter having its 
scale marked 0 to 500 amperes is in- 
tended for use with a 500/1 current 
transformer. Then, full-scale indication 
will be obtained with one ampere flow- 
ing through the ammeter. Thus the coil 
rating is 1 ampere. 

For our third example we assume 
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y ne specific installation it may 
necessary to use a 9500 ampere 
ent transformer (ratio 100:1) and 

e transformer will never be op- 

{ th over 300 amperes through 

t ! . In such an installation, it 
ably would be well to use an am- 
ter having a full-scale marking of 
eres. In this particular installa- 
tion, then, since the secondary of the 
( nt transformer will deliver only 


4 ot o amperes, or amperes, 
( Ll rating of the ammeter is 3 amp- 


In the examples thus far, it may be 
the rating can be ex- 


sed as follows: 


seen that 


coll 


S is the transformer secondary 
transformer primary 


instrument full-scale 


current, / the 
R 
rating and R 


In the first example: 


_ + 
irrent, the 


the coil rating. 


500 5 
500 
In the second example: 
1 
500 ] 
500 


In the third example: 
5 
m= 
500 
DESIGN CONDITIONS. 

For dynamic and mechanical reasons 
the relation between spring strength 
(which is the same the electrical 
force on the movement) and the weight 
and inertia of the movement must be 
maintained within close limits. There- 
fore the spring strength or torque of 
the moving element or coil cannot be 
largely altered. For example, a 5- 
ampere instrument cannot be made into 
one of 8 amperes or 4 amperes by mere- 
ly substituting a different spring. To 
do so would entirely upset the damping 
factor and friction-compensation ef- 
fects. 

Now it may happen in the third ex- 
ample above (3-ampere coil) that the 
current transformer occasionally would 
reach a value of 325 amperes and that 
it would be necessary to have the am- 
meter indicate this maximum value. 
Quite obviously, then, the scale must 
be greater now than 300 amperes. At 
first thought it might be judged that 
the best thing to do would be to pro- 
vide the ammeter with a scale marked 
zero to 330 amperes and to use a 3- 
ampere coil. However, a 330 scale 
marking cannot be made with division 
lines and figures that would be easy to 
read. Furthermore, there may be no 
stock size or factory routine to wind a 
3.3 amperes in the shape of coil 
(It’s hard enough to train 
coil- and keep them, without 
expecting them to be mathematicians! ) 
Therefore some compromise is in order. 


It is » instrument have 


as 


coil for 
required. 


winder 
winders 


of 
desirabie tn 


a scale rang if such value that the 
pointer will normally deflect well up- 
scale. At the same time, sh our am 
meter must have a scale which can be 
easily read (1, 2, or 5 of the units 


read or any decimal multiple of same?) 


it would probably be best to select a 


range of 0 to 400 amperes. In manu- 
facture, however, it may happen that 
there is no standard 4-ampere coil- 
available. Now, since a 3% ampere 


stock size coil will easily carry 4 amp- 
eres, the simplest solution is to take 
the 3.5-ampere coil and to provide a 
stronger spring, so that with 4 amperes 
in the coil the ammeter will deflect to 
full-scale. Thus the requirements of the 
installation are met, at the expense of 
the ideal or best mechanical perform- 
ance. The coil rating, now, is therefore 
not as given by the equation. The com- 
plete story as shown by the dial data 
markings would be: 


iment Specification C-39 


Ammeter, with scale 0-400 amperes 
for 500/5 current transformer. 
Coil rating = 3.5 amperes. 

Full rating j 
(Actually, thermal capacities in c 
instrume 
may be 


Scale amperes. 
well-made 
that they 
erated continuously with ample over] 
normal or nomi 


coils of 
are 50 liberal 
margin well over 
rating. ) 
WATTMETER CONDITIONS. 

The coil and scale rating relati 
in wattmeters are quite different fr 
those in ammeters or voltmeters, 
cause wattmeters (and fact 
meters) contain both current coils a: 
voltage coils, reacting upon each oth 
A wattmeter is an electrical form 
dynamometer. It measures electri 
power directly by producing elect: 
magnetic forces. It does not merely 
multiply amperes by volts. The currents 
and voltages applied to a wattmete: 
may vary independently of full-scale 


power 





Testing Motors at 30,000 R.p.m 


fe help analyze the performance of 
small high-speed motors for air- 
planes, Westinghouse small-motor de- 
signers have built their own test dyna- 


to 25,000 r.p.m. It has been run as fast 
as 30,000 r.p.m. but no attempt has yet 
been made to determine whether it can 
be safely run at higher speeds. The 





mometer because dynamometers suit- 
able for testing motors and generators 
at 20,000 r.p.m. were not available. The 
new high-speed dynamometer is capable 
of testing machines of 1/100 to % h-p. 
and is frequently operated at speeds up 


convention 


of the 
but using special low-l 
steel in the armature and embodyi: 
every known expedient to provide hi: 
bursting strength. It is a laboratory 


dynamometer is 


cradle type, 


strument: no commercial models. 
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power values as variations occur 
ower factor, voltage, phase angle, 
wave-shape conditions, or system 
ections. The electromagnetic meas- 
g forces or torques may thus be the 
iit of high-current-and-low-voltage 
yw-current-and-high-voltage, and of 
ase conditions. (The expression 
er amps volts X cos ¢ is 
ely a mathematical form.) 

Che electrodynamic mechanism of a 
yattmeter has no ability to distinguish 

ween separate components which 
‘ombine to create the force. Therefore 
the seale range of a wattmeter has no 
relation to the separate current-coil or 
voltage-coil ratings or to the separate 
alues of amperes or volts which may 
be present. 

Referring again to Fig. 1, it will be 
seen that in addition to the nominal 
capacity ratings of the coils, data are 
given on the ratios of the current and 
the potential transformers, resulting in 


Turbine-blade 


HOWN here Ts a general view of a 

new high-pressure type of wind- 
tunnel which tests the blades of West- 
inghouse turbines many times faster 
than is possible with earlier types of 
tunnels. The wind tunnel used hereto- 
fore provides information on the aero- 


dynamics of blades under high gas- 
velocities and gives the accurate 
answers needed for final designs, but: 
(1) models must be carefully made of 
steel and (2) the wind-tunnel itself is 
massive and requires a great deal of 
power to drive it. Consequently, seldom 
can as many as a half-dozen tests be 
made in a year with it. 

The new tunnel, on the other hand, 
tries the blades at low speed but in a 
medium of high pressure (220 lbs./in.? 





the calibration constant K. The con- 
stant AK in a self-contained instrument 
is of course 1. In a transformer type 
wattmeter it is the product of the sepa- 
rate ratios of the current transformer 
and of the potential transformer. It is 
equal to the kilowatts (or kilovars) in- 
dicated per kilowatt applied to the coils 
on a single phase test circuit. This will 
be made clear by the following ex- 
amples: 

Example 1. 

A left-zero 3-phase 3-wire polyphase 
wattmeter for use with 800/5(160:1 
ratio) current transformers and 12000/ 
120 (100:1 ratio) potential trans- 
formers. 

Full-scale capacity desired, 10 mega- 
watts (10,000 kw.) 

Calibration Constant, K, 160 x 100 

- 16000. 

Therefore, watts applied to 
10,000,000/16000 625. 

Polyphase wattmeters are calibrated 


coils, 


Tests Speeded 


instead of atmospheric) so that the 
models can be fashioned of wood. Vari- 
ations in shape and position can be 
tried in a few hours instead of weeks. 

This type of testing is possible be- 
cause the air-flow data are acceptably 
accurate if the pressure is increased as 





458 


the speed is decreased, in such a ratio 
that the Reynolds number is unchanged. 
For velocities well below that of sound 
(i.e. where compressibility is not a fac- 
tor) the results obtained with the high- 
pressure tunnel are accurate within 
limits required in preliminary studies. 
This allows many variations to be tried 
quickly, greatly expediting the final de- 
signs, which can then be tested by the 
slower but more high-speed 
tunnel. 


precise 





on single-phase circuits. As the poly- 
phase vector relations between line cur- 
rents and the voltages appear equally 
in both the primary and the secondary 
circuit, these vector relations (30° be- 
tween currents and voltages on 100% 
power factor of a three-phase circuit) 
do not affect the calibration, and may 
be disregarded. (An exception to this 
is the case of the 3-phase 4-wire three- 
current-coil wattmeter, sometimes re- 
ferred to as the 242-element wattmeter, 
in which the calibration on single-phase 
test circuits is different from that on 
3-phase 4-wire connections). 

In the above example, as there are 
two elements pulling together, each 
requires 312.5 watts (625/2). Assum- 
ing the single-phase test circuit condi- 
tion, this requires 312.5/120 = 2.6 am- 
peres (approx.) Let us assume that the 
nearest stock standard coil is one rated 
at 3 amperes. Calibration is adjusted 
to agree with the required constant K 
by the adjusting means provided in the 
design. This 8 amperes is the current 
coil rating given on the dial data lines 
or on a name-plate. 

Example 2. 

A center-zero wattmeter, otherwise 
same as in Example 1. 

Capacity 10-0-10 megawatts. 

Watts full-scale 312.5 each element, 
and amperes full-scale 2.6 as before. 

As the spring deflection is only half- 
scale, the spring must be of the same 
strength as previously explained: it re- 
quires only half the ampere-turns in the 
current coil to give full-scale deflection. 
As all standard coils are made with the 
same ampere turns, this means that 
instead of a 3-ampere coil, a 6-ampere 
coil is used. 

In certain cases, owing to the full- 
scale and transformer ratios desired, it 
is not possible to choose a coil of suffi- 
cient current-carrying rating as given 
in the above examples, as that would 
require either too weak a spring for 
best action or too low a resistance in 
series with the voltage coils, thus intro- 
ducing electrical errors. The following 
example will serve to illustrate this 
condition. 


Example 3. 

Wattmeter for low (25%) power fac- 
tor circuit. 

Full-scale required, 125 watts. 

Normal coil current, 125 watts/120 
volts = 1.04+ amperes. 

Normal line current at 25% power 
factor 1.04/0.25 = 4.16 amperes. If a 
5-ampere coil were used, it would be 
necessary to reduce the voltage circuit 
resistance to a dangerous degree in 
order to get sufficient operating torque. 
Thus a design compromise is necessary. 
In this case, therefore, one should use 
a 3-ampere coil, a weaker spring, and 
a lower series resistance, so as to dis- 
tribute the errors. The coil data as 
marked on the instrument would then 
be 3 amperes. Distribution of the error 
possibilities gives a lower probability of 
error. After all, all good design is 

Continued on page 116 
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ELECTRIC GAGING METHODS 


for Strain, Movement, Pressure and Vibration 


By HOWARD C. ROBERTS, Research Staff, Association of American Railroads, Chicago, Ill. 


VI. MISCELLANEOUS ELECTRIC GAGING METHODS 
§ 1. GENERAL 

Among the several types of miscellaneous electric gaging 
methods (those based on principles other than the three 
fundamental circuit parameters) may be found methods 
utilizing almost all of the observed electrical effects. Those 
in widest use are represented in this list: 

1. Photoelectric or electro-optic; 

2. Piezoelectric or electrostrictive* ; 

Acoustic; and 

4. Thermoelectric. 

Others, of perhaps equal importance but not directly 
classifiable, have also been used. 

A remarkable variety of forms of pick-up devices may be 
found in this miscellaneous catagory, and the applications 
to which they have been put are also most varied. Few have 
found wide acceptance as individual systems, although some 
of the operating principles are widely used. Many show 
promise for wider use than they have yet received. 


§ 2. PHOTOELECTRIC AND ELECTRO-OPTIC SYSTEMS. 

The basis of all photoelectric measuring systems is the 
response of the photoelectric element to radiant energy. Any 
photoelectric tube or cell may be considered (in this discus- 
sion) as a source of electric potential or current whose 
value depends upon the amount of radiant energy collected 
by the sensitive surface. 

A number of different photoelectric elements are avail- 
able; the emissive, the conductive and the generating types 
are all in common use. The emissive and the conductive types 
require a source of polarizing or operating potential, while 
the generating types do not. Not all elements have the same 
response to light of different colors—or to infra-red or ultra- 
violet radiation—so the color of light may be analyzed by 
a photoelectric device.??1 

Photoelectric systems can therefore be employed to meas- 
ure any magnitude which can be presented to the system as 
a varying light intensity, quantity, or color.?2? 

The simplest of these devices are no more than on-off de- 
vices; with them doors can be opened, labelled tins segre- 
gated from unlabelled ones, spotted beans from white, and 
a multitude of other similar tasks performed. Only slightly 
more refined systems are required to sort articles differing 
in minor respects. Others of the same general form control 
printing processes so that successive impressions of different 
colors will register properly, and control wrapping ma- 
chines so that the position of the pattern on the wrapper 
is the same for all wrapped articles.223,224 Still others 
count articles, distinguishing between items of different size, 
color, or texture. But these things, while extremely useful, 
are detectors of presence, and in a limited way quality; they 
are hardly measuring devices. 

An obvious extension of the application of the photo- 
electric unit is its use to detect the incidence of a movement. 


*The electrostrictive effect is often confused with the piezo- 
electric. The piezoelectric effect is peculiar to anisotropic materials; 
the electrostrictive effect has been found in such materials as glass, 
rubber, etc. 

(221) Raymond Jonnard, Practical Color Photoptometry. In- 
struments, Vol. 17, 1944, pages 474, 500. 

(222) W. D. Cockrell. Industrial Electronic Control. McGraw- 
Hill Book Co., New York, 1944. 250 pages. 

(222A) R. C. Walker and T. M. C. Lance, Photoelectric Cell 
Applications. Pitman Publishing Corp., New York, 1938. 336 pages. 

(223) Harold J. Hague. Electrons at Work. Radio News, 
Vol. 32, December 1944, pages 40, 41, 108, 110, 112. 

(224) D. R. Shoults. Applications of Photoelectric Register 
Control. General Electric Review, Vol. 37, 1937, pages 170-174. 
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Such devices are used as limit controls to stop the travel of 
a machine carriage, as devices to govern the feed and depth 
of cut of a machine tool, and as safety devices to stop thé 
motion of a machine if the operator’s hands enter a dan; 
zone. 223,225 

If the movement of the light impinging upon the ph« 
electric cell is properly harnessed, many other measureme 
can be made with the simple on-off system. The depth of the 
heavy sludge at the bottom of a coal-washery tank has been 
controlled by the motion of a vane attached to a float which 
is too heavy to float on the water but too light to sink in the 
sludge. The photoelectric unit may be caused to observe the 
motion of this vane, and to control a waste gate, so that 
the depth of the sludge is kept at the optimum value, 226 

The level of the mercury, or other 
opaque liquid, in a transparent U-tube 
manometer may be guarded by a simi 
lar installation. In Fig. 102 the ar- 
rangement of the parts of such an i 
stallation is sketched. If the electric 
circuit and the mechanical arrange- 
ment are refined to afford continuous 
indication, the actual level may be in- 
dicated or recorded.?27 

Transparent liquids in sight-glasses are not quite so 
easily watched, unless the refractive power of the liquid is 
employed instead of its opacity.?°° If a beam of light is 
directed at a point near the periphery of the tube rather 
than along a diameter, the beam will be deflected when the 
tube is filled with liquid, but not appreciably when the tube 
is empty. When refracted, the beam of light strikes the 
photoelectric cell. This action is illustrated in Fig. 103; 








Fic- 103 
at A is shown the path of the light beam when it is directed 
along a dameter. In this configuration the beam is undevi- 
ated by the presence of the liquid—although of course in 
the practical installation the beam width is great enough 
that dispersion occurs. At B the action is shown when the 
light beam does not pass along a diameter of the tube; the 
dotted line indicates the nearly-straight path of the light 
when the tube is empty, and the solid line indicates the 
refracted path, striking the photoelectric tube PT. 

This on-off principle has been applied to a wide variety 
of control functions, and to many measurements. It has 
been used to locate the position of leaks in drilled wel! 
bores,?*° by detecting the locations of the less opaque por- 
tions of the fluid contained in the bore. It has been used to 
inspect sheets of opaque material for pin-holes,?23 and to 
inspect jig-saw puzzles for missing pieces. In the steel mill, 
its applications include the control of flying shears, the 
strip-width measuring device, the sheet slitter, and the loo; 
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control.239 The depth of the loop of material between 
stands of rolls must be kept constant for best operation; 
f his loop is guarded by a photoelectric device, an indica- 
ticn will be made when the depth of the loop changes. The 
angement is shown in the perspective sketch of Fig. 104. 


The arrangement comprising the strip-width gage is shown 
in Fig. 105; here two photoelectric tubes (and two light 
sources) are used, one at each edge of the sheet. When the 
edge of the moving sheet moves out, and encroaches upon 





pT PT 


the light beam at one side or the other of the installation, 
an indication is given. With both of these equipments, the 
output of the phototube circuit is usually fed into a control 
system. There are many other applications for such units 
as these, both published and unpublished; they range from 
the opening of a door at the arrival of a vehicle to the 
inspection of filled soft-drink bottles to detect foreign 
bodies.231 This latter is an unusually clever mechanical set- 
up, in that the bottles are whirled to agitate the contents 
and the light source and photoelectric unit are moved along 
with the bottles, at the same rate of speed, while the in- 
spection is being made. Another sort of measurement easily 
performed is the counting of pulses or flashes of light. This 
ability is often employed in counting the revolutions of 
rapidly rotating parts, or of inaccessible parts.?°* A some- 
what similar set-up has even been used to count and record 
the intensity of firefly flashes! 233 

Extension of the simple on-off principle to the measure- 
ment of degree or intensity is an obvious one; it requires 
only the replacement of the relay in the electric circuit with 
an indicating instrument. The on-off circuits do in one sense 
measure intensity, since they are customarily adjusted to 
operate only after a threshold value is exceeded. A circuit 
able to respond in both manners is shown in Fig. 106; the 
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relay in series with the indicating instrument does not in- 
terfere with the operation of the instrument, nor does the 
measurement of the plate current of the electron tube in- 
terfere with the operation of the relay. 

With the ability to measure intensities of light, an entire 
new series of possibilities becomes available. Almost any 
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movement may be converted into a variation in light in- 
tensity, either by changing the width of a slit or otherwise; 
it is then possible to convert the variation in light in- 
tensity into a variation in an electric potential or current, 
which can be easily measured. In physiology, measure- 
ments of muscular contraction and of blood pressure are 
so made.*** In electrical engineering, the operation of line 
selector relays has been studied.235 Strain gages of ex- 
tremely short base-length have been constructed by employ- 
ing a lever system to transfer the movement to the jaws 
of an optical slit—usually with some mechanical magnifi- 
cation—where it changes the width of the slit and there- 
fore the amount of light passed through it to the photo- 
electric cell.236 Another mechanical form of this gage em- 
ploys a pair of multiple slits or parallel gratings.237 The 
action is the same in both circuits: the percentage change 
in the amount of light transmitted is equal to the percent- 
age change in slit width, whether a single slit or a multiple- 
slit arrangement is used. The operation of the gage may be 
understood by referring to Fig. 107. 


Ay Fic. 1O7 
Torsional displacements may be similarly measured, 
either by the use of angular apertures or polarizing devices. 

A number of industrial devices, some representing a high 
degree of refinement in design and construction, employ 
this general method. Several different optical arrangements 
have been used.238 Such devices are capable of high sensi- 
tivity and rapid operation, and if well constructed are 
accurate and reliable; for accurate performance over long 
periods of time considerable care must be exercised in their 
construction. In the automobile industry these methods have 
been found of great value in the automatic adjusting of 
spark-plug gaps, the testing of mechanical parts, and the 
gaging and sorting of accurately-machined parts.?39 

The change in light intensity may be produced by the 
conditions at a surface or in a space, rather than by a 
mechanical movement. Turbidimeters and smoke-density 
meters are examples of the first of these applications; 
ultraviolet illumination is used to detect the presence of 
gases or vapors invisible to visible light.24° The smoothness 
of mechanical surfaces can be compared by the amount of 
light reflected from them—the measurement indicates the 
amount of diffusion which has occurred. A more elegant 
method employs two parallel beams of light reflected 
through a cylindrical lens to form a highly astigmatic 
image of the point source.241 This method can detect ex- 
tremely small irregularities, and the equipment is simple 
and rugged. It may be used visually. In the radio-frequency 
heating process by which electrolytically deposited tin is 
(234) W. E. Gilson. Applications of Electronics to Physiology. 
Electronics, Vol. 16, January 1943, pages 86-89, 206. 

(235) Anon. Ueber eine spezielle Anwendung der Photozelle 
zur Aufzeichnung von kleinen Bewegungen. Zeitschrift fuer Fern- 
meldtechnik, Vol. 15, pages 77-78. 
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ieurwesens, Vol. 7, March-April 1936, pages 66-74. 
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February 1945—Instruments—Page 83 


























smoothed, a photoelectric device is used to control the input 
of electric energy to insure optimum performance.*42 And 
the measurement of transmission and reflection coefficients 
is well established; this technique has been applied to the 
measurement of thickness of paper and other semi-opaque 
materials,*4* to the measurement of transmission of light 
through the fluorescent screens of television picture tubes, 
244 and to such other varied measurements as the suffusion 
of blood in the skin and the distribution of light in the 
ocean.*45 It has recently been suggested that the continuous 
gaging of hot metal strip during the rolling process could 
be accomplished by using a beam of x-rays and an ionization 
chamber to replace the light source and the photoelectric 
tube or cell. 

In a most interesting and useful application of the photo- 
electric principle, the deformation of a diaphragm was used 
as the criterion of the fluid pressure causing the deforma- 


tion. A polished metal diaphragm was installed in the cylin 
der head of an internal combustion engine: the cylinde: 


made it bulge—as shown in the dotted lines in 


pressure 


the drawing, Fig. 108—with the result that a collimated 
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light was diverged when reflected from it. The 
intensity of the light thus reflected was diminished as the 
divergence increased; it was measured by the phototube PT. 
With this equipment measurements of cylinder pressure 
could be made without any mechanical contact with the 
engine, thereby avoiding disturbances from vibration. The 
arrangement was found to respond well even at extremely 
high frequencies, in engine-indicator studies. 246 

The deformation of a diaphragm has also been measured 
by the deflection of a beam of light from a small plane 
mirror attached to it. 

The same optical principle has been applied to the surface 
inspection of bearing rollers.247 The image of a line source 
of light is focused on the polished surface of the roller, and 
the reflected light is in turn focussed on a pair of photo- 
electric tubes connected to measure ratios of light intensity. 
The roller is rotated while in this fixture, and any irregu- 
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larity in contour or texture will produce an output from 
the photoelectric circuit. Fig. 109 shows the arrangement 
of parts used. 

It is desirable to perform such a measurement in terms 
of the ratio of light intensities, whenever possible. If a 
measurement of a single intensity is made, variations in its 
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source will introduce error. But by making the measu 
ment in terms of a ratio, such variations will not affect ti. 
accuracy. One arrangement by which a mechanical moi 
ment may be converted to a light ratio is shown in Fig. 1 
Here two slits are used, so arranged mechanically that »s 
one is opened, the other is closed. For extremely sm 
mechanical movements, multiple slits or gratings may 
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used. A similar arrangement, using a single phototube, 
used for amplifying galvanometer deflections and in aut 
potentiometers.*45 Another meth 
employing a right-angle prism, has been used for measu1 
ments of small displacements.!°! In some applications t} 
prism is made fixed, while the light-beam is moved by t 
galvanometer. In others, as in Fig. 111, the prism itself 
moved. It will be noted that in this arrangement two phot 

tubes are used, introducing the problem of maintaining the 

sensitivities equal. In the arrangement of Fig. 110 a sing 
win-type phototube is used. Since this device is simply ty 

electrode within the 
rounded by the same atmosphere, such changes in sensitivit: 
as do occur are likely to be common to both electrode as 
semblies. Drift with phototubes is not a serious source of 
difficulty. 

Of the numerous applications of photoelectric methods 
to measurements and to servo-systems, the curve-following 
devices are perhaps the most interesting. These devices fo 
low a chalk line drawn on a steel plate and command 
machines which cut with an oxy-acetylene flame along that 
line,249 or follow a projected performance curve and adjust 
the controlled equipment in accordance with that curve,-° 
or can follow, duplicate, and integrate the most complicated 
experimental curve.*5! The converse of this action is pro 
vided by a recently released device, the odograph, whicl 
traces out on a map the route traversed by the vehicle 
carrying the instrument.2°* In the odograph, a servo-systen 
actuated by a magnetic compass carrying a mirror is on¢ 
of the controlling mechanisms. 

By suitable optical and electrical systems, photoelectric 
equipment is capable of measurement of factors and magni 
tudes almost impossible to approach in any other manner. 
Devices have been constructed which count continuously the 
threads in a web of woven material, and adjust the speed 
of the rollers driving it, so that the cloth is made uniform 
in texture and wound with no weft threads askew. Others 
have been used to measure, integrate and record the diam 
eter of thread;253 without some such control it is hardly 
possible to process many materials. 

One unusual but quite powerful method, the petoscop« 
makes it possible to scan a surface for defects, or an are: 
for moving objects. The basic arrangement of parts is show: 

Continued on page 10: 
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XXXII. CATHODE-RAY ACTION 
(Continued) 
Cathode-ray Tube Applications 

The principal application of the cathode-ray tube in 
measurement work is as an oscilloscope, that is, for the 
bservation and analysis of alternating-current wave- 
forms. Its advantages in this field depend upon two out- 
standing characteristics: (1) a voltage may be measured 
f electrostatic deflection is used) without taking power 
om the circuit under test; and (2) it will follow voltage 
anges having frequencies of 100 megacycles or faster. 
With magnetic instead of electrostatic deflection, current 
ither than voltage determines the deflection and hence 
wer is consumed. The inductance of the deflecting coils 
so limits the frequencies which can be measured. For 
these reasons, therefore, electrostatic deflection is ordi- 
arily used for exacting measurement purposes. 

An oscilloscope is essentially a cathode-ray tube with 
‘onnections such as are shown in Fig. 241 but with further 
provision for supplying a suitable deflecting voltage to 
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Fig. 242. Lissajou’s Figures produced by different phase rela- 
tionships. 1 to 5 are for two voltages with a 1-1 frequency ratio 
6 to 7 are for two voltages with a 2-to-1 frequency ratio. 
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Fig. 243. Saw-tooth wave produced by a sweep circuit. 


one set of deflecting plates. Ordinarily this deflecting voltage 
is applied to the plates controlling the horizontal move- 
ment of the electron beam. 

It will be evident that if a direct-current voltage is ap- 
plied to one set of deflecting plates, the cathode spot will 
move to one side of the center or the other depending upon 
the polarity. The distance the spot moves will depend upon 
the value of the applied voltage. If alternating current is 
applied to one set of plates, at all frequencies up to 10 
cycles per second, persistence of vision of the eye gives 
the spot the appearance of a continuous straight line. 
The length of this line naturally is a measure of the peak- 
to-peak amplitude of the applied a-c. voltage. The line, 
however, gives no indication of the frequency or of the 
vave-form. 

Suppose, however, that at the same time the alternating 
voltage is applied to one set of plates, the vertical plates 
for example, another varying voltage is applied to the 
iorizontal plates. It is obvious that under these conditions 
the cathode spot will no longer trace a straight line but 
vill form a pattern, the form of which is dependent upon 
the amplitude and frequency of the two voltages. This pat- 
ern will remain stationary so long as the amplitude and 
hase relationship of the voltages remain unchanged. 
With alternating voltages applied to both sets of plates, 
he pattern produced by the cathode-ray spot is compli 
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cated unless certain relations exist between the frequen- 
cies and phase displacement of the two alternating voltages. 
Suppose, for example, that the two voltages have the same 
frequency and amplitude and that they are in phase. In 
this case the pattern is a straight line making an anyle 
of 45° with the horizontal. As the phase of one voltage is 
changed the pattern becomes an ellipse which widens as 
the phase angle is increased and when the latter reaches 


90° it becomes a circle. The patterns so formed by the 


application of unknown and standard voltages to the op- 
posite pairs of deflecting plates of a cathode ray oscillo- 
scope are called Lissajou’s figures. Fig. 242 shows a num- 
ber of such figures for various phase relationships and 
for two frequency ratios. By proper interpretation of these 
figures, frequency ratios up to 10 to 1 can be obtained 
conveniently. Thus with a 1000-cycle oscillator, calibration 
points between 100 and 10,000 cycles are obtainable. With 
a 60-cycle source of supply, calibration points up to 600 
cycles are possible. 

While Lissajou’s figures are useful, it is usually much 
more desirable to supply the horizontal deflection plates 
with a saw-tooth voltage wave from a specially designed 
“sweep circuit.” A wave-form of this type is shown in 
Fig. 248. As shown, the voltage rises linearly to a max- 
imum value and then suddenly returns to zero or minimum 
value. If the time taken for the voltage to rise from zer 
to maximum (one timing sweep) is equal to the time re- 
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Fig. 244. Diagram showing the 
way in which a linear sweep 
produces an exact wave pattern 
of the voltage applied to the 
vertical plates of a cathode-ray 
oscilloscope. 
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quired for the alternating voltage applied to the vertical 
defiection plates to pass through one cycle, then the pat- 
tern will portray one cycle of the vertical deflection voltage. 

The way in which a linear sweep produces a pattern of 
the exact wave shape of the voltage applied to the vertical 
plates is shown in Fig. 244. If the sweep were perfect the 
“fly-back”’ time or the time taken by the spot to return 
from the end H to the beginning I or A of the horizontal 
trace would be zero, so that the line HI would be perpen- 
dicular to the axis Y-Y’. While this time cannot be made 
zero, it can be made relatively small and can be assumed 
zero for most practical purposes. 

A saw-tooth timing wave such as shown in Fig. 243 can 
be produced mechanically by means of a rotating voltage 
divider but it is much more desirable and effective to 
produce it electrically by means of a capacitor discharge 
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circuit such as that shown in Fig. 245A. With this circuit 
the capacitor C charges slowly through the resistance R 
to the point where the gaseous triode becomes conducting. 
Then the capacitor suddenly discharges through the tube 
the cycle repeats itself. This action produces the 
voltage wave shown in Fig. 245B. The amplitude of the 
wave is a function of the grid voltage applied to the triode. 
If the resistance R is made large enough the voltage across 
the capacitor will rise linearly with time up to the break- 
down point. To obtain a stationary pattern it is necessary 
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Capacitor discharge type of sweep Circuit. 


Voltage wave produced by circuit in Fig. 245A. 


that the sweep frequency be varied and this can be done 
by varying C and R. In some cases, a portion of the voltage 
being analyzed, that is the voltage applied to the vertical 
deflection plates, is introduced into the grid circuit of the 
tube. This voltage “triggers” the sweep circuit into opera- 
ton in synchronism with the frequency of the voltage be- 
ing analyzed. 

The sweep circuit shown in Fig. 245A is simple and its 
voltage output is limited but it serves to show the prin- 
ciple of operation. In practice more complicated circuits 
are employed. 

The type of wave-form analysis described in the fore- 
going is called cathode-ray oscillography. For a permanent 
record, the cathode-ray oscilloscope is used in conjunction 
with a camera, the latter being used to photograph the 
pattern on the fluorescent screen. The oscilloscope is ex- 
tremely valuable and useful in analyzing the performance 
of electrital communication equipment where frequencies 
of the order of 1 to 50 megacycles are encountered and 
where highly complex voltage variations occur. 

The cathode-ray tube also forms the heart of the modern 
television receiver since the picture image is formed on 
the screen of a cathode-ray tube. 


Electron-ray Tubes 


Another type of cathode-ray tube which has proved very 
useful is the electron-ray tube or so-called magic eye, used 
widely as a tuning indicator in radio receivers. It was for 
this purpose that the tube was developed but it has many. 
other uses. 

Figure 246 shows the basic circuit for an electron ray 
tube—the 6E5*. The tube contains two sets of elements, 
one of which is a triode amplifier and the other the cath- 
ode-ray indicator. The indicator consists of a cathode, a 
*OST, 


October 1935, page 265. 
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fluorescent anode and a control electrode which contr«|s 
the portion of the fluorescent anode upon which the elec- 
tron beam strikes. 

With zero grid bias, the fluorescent screen or target 
the top of the tube will produce a greenish glow, exc« 
for a shadow sector of approximately 100°; this pattern is 
shown in Fig. 247. The shadow is cast on the screen 
reason of the fact that the blade-like ray-control electrode 
is negative with respect to the target. The ray-contr 
electrode derives its negative bias from the RI drop across 
the plate resistor Re, this drop existing as long as any 
triode plate current flows. 


+ = 


os 




















Rs -1 MEG 
soem aoe 
FLUORESCENT 
ANODE 3 
4 
o. 
a 
6E5 a 
< 
= 
is) 
T 
R, i 
4 

| | | v 

-iI2V. eso v. 

Fig. 246. Basic circuic of the electron ray tube—the 6E5. 





Fig. 247. Patterns produced by electron-ray tube. 

If the triode bias is now more negative by means of R;, 
the triode plate current will decrease, the RI drop across 
Rz will also decrease, the ray-control potential will become 
less negative (with respect to the target) and the shadow 
angle will close up. About 6 to 8 volts of negative bias on 
the triode grid will cut off practically all triode plate cur- 
rent and will reduce the shadow sector to a narrow line, 
as shown at the right of Fig. 247. Additional triode bias 
may cause the pattern to close completely, or even tof 
“overclose”; in this case the shadow line may change into 
a luminous line having greater brilliance than the rest of 
the target. 

Because the variations of the shadow sector on the tar- 
get are definitely controlled by the triode bias it is ap- 
parent that the 6E5 is a negative grid voltage indicator 
which does not draw power. It can, therefore, be applied 
to high-impedance circuits with little or no loading effect. « 
In addition, it possesses the inertialess characteristic of 
the electron beam (as do cathode-ray tubes) and can fol- 
low radio-frequency voltages, as well as d-c. voltages, with- 
in wide limits. It is free from the undesirable effects of 
mechanical inertia which characterize many types of 
meters. 

The 6E5 is one of several types of this class of tubes 
available. Another tube, the 6AF6-G, contains only an 
indicator unit but employs two ray-control electrodes 
mounted on opposite sides of the cathode and connected to 
individual base pins. This tube requires the use of an ex 
ternal d-c. amplifier. With this tube, two symmetrically 
opposite shadow angles may be obtained by connecting th 
two ray-control electrodes together or two unlike patterns 
may be obtained by individual connection of each ray- 
control electrode to its respective amplifier. 

As already mentioned, while these electron-ray tubes 
were developed primarily for use as tuning indicators 01 
radio receivers, they can be used in a great number cf 
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erent ways. One of its most useful applications is as a 
uum-tube voltmeter. 

‘igure 248 shows a complete circuit of a vacuum tube 
tmeter using a 6E5. The circuit was originally described 
P. A. Richards and L. C. Woller.* To explain the opera- 
1 of this voltmeter, suppose first that the test prods 
and B are short-circuited,*and that the movable arm of 

is at upper (plus) end of its voltage range. The plate 
rrent of the triode-connected 6C6 is practically cut off 
‘ause the negative bias developed by the 2 megohm 
thode resistor, R;. Because about 14 volts of bias is re- 
iired to reach the approximate cutoff of the 6C6, the 
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Fig. 248. Complete circuit of a vacuum-tube voltmeter using a 
6E5 electron-ray tube. 


























cathode end of R; (point X) is about +14 volts with re- 
spect to the other end of R; (point Y). The voltage-di- 
viding resistor Rs (the “zero-reset” control) is next ad- 
justed so that the voltage difference between the 6E5 
cathode and point Y is about 21 volts. Thus, this 21 volts 
bucks the 14-volt drop across R; so that the net difference 
places a —7-volt bias on the 6E5 grid. The fluorescent 
pattern will now be closed to a narrow dark line. This is 
the correct “zero” setting for all v-t. voltmeter measure- 
ments. 

With the target pattern correctly set at the zero position, 
any d-c. or a-c. voltage applied across prods A and B will 
cause the plate current of the 6C6 to increase so that the 
RI drop across R, will increase by an amount substantially 
proportional to the applied d-c. or peak a-c. voltage. The 
action in the case of a.c. is similar to that of a simple 
diode detector, where R; is the load resistor. Rectification 
occurs on each positive half-cycle, the large capacitor C; 
holding the d-c. voltage developed across R; at practically 
the peak value of the a-c. wave. 

Assume now that the test prods are connected from 
screen to ground on a tube whose screen voltage, at the 
socket, is to be measured. The voltage drop across R; 
immediately increases from 14 volts to 14 + E where E 
is the unknown screen voltage. The bias on the grid of the 
6E5 is no longer —7 volts but is some positive value (E—7), 
so that the pattern on the 6E5 screen “flips” entirely open. 
The movable arm of slide-back resistor R7 is now adjusted 
toward the negative end until the shadow area of the 
6E5 again closes to its “zero” or narrow-line position. 
When this occurs, the d-c. voltmeter V will read the screen 
voltage being measured. In simpler words, the voltage to 
be measured robs the 6E5 of its original bias (opening 
the pattern) and the dividing visitor R; adds just enough 
idditional negative bias to cancel the unknown voltage, 
hus restoring the pattern to its original position. Volt- 
neter V should be preferably one of the 1000 ohms-per- 
volt variety having three ranges such as 10, 250 and 750 
olts. 

An instrument such as the one described can be used 
‘or a variety of measurements in radio work. Screen and 
late voltages of electron tubes can be checked with great 





*Radio Retailing, December 1936. 


precision. I-f. or r-f. stages can be checked when receivers 
are in operation by measurement of the r-f. voltage across 
the transformer secondary. It can be used as an output 
meter or the actual gain of an amplifier can be measured. 
The peak plate current of a mercury-vapor rectifier can be 
measured as a check on rectifier operation, or the ripple 
voltage of a high-voltage power supply can be determined 
with this voltmeter. In short, it is a very valuable instru- 
ment and simple and inexpensive to make. Considerable 
space has been devoted to its description here, because it 
belongs to a category of electron-tube applications that 
makes full use of the extreme sensitivity and versatility of 
the electron tube. 


An Electron-tube Translating Device 


An interesting application of the cathode-ray principle 
is that inherent in a so-called “translating device” developed 
by Herbert Ziebolz of Chicago and covered in U. S. Patent 
No. 2,314,302 issued March 16, 1948. This device is intended 
for use in relaying, amplifying or converting electrical or 
magnetic signals into other values of voltage or current for 
use in control or measurement. One form of the device is 
shown in Fig. 249. It consists of a cathode-ray tube but in- 
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Fig. 249. Showing the principle of the Ziebolz electron tube. 














stead of having the usual fluorescent screen at the end of 
the tube there are two plate type anodes, A and B, mounted 
side by side as shown. 

Initially the electron beam can be assumed to be centered 
between the two anodes. If, however, it is deflected by the 
magnetic field of Coil C, the cathode ray will impinge on 
either of the two anodes, depending upon which way it 
moves. This will result in a difference of the number of elec- 
trons reaching the anodes and this manifests itself as a 
potential between the two plates. As a consequence of this 
difference in potential, a current flows to the load which va- 
ries in accordance with the variation of the signal supplied 
from source E. A portion of this load current also passes 
through coil D, the purpose of which is to counteract the 
influence of coil C. As a result of the action of coil D, the 
cathode ray is brought back to its original position. The 
current through coil D may be regulated by means of volt- 
age-dividing resistor R. 

The device is essentially one which employs a cathode ray 
as a null method of control or measurement. There should 
be many applications for a device of this kind. The deflection 
of the cathode ray can be accomplished electrostatically in- 
stead of magnetically or it can be done through mechanical 
systems using moving magnets. 


The Mass Spectrograph 


An instrument that has become of increasing importance 
in atomic research in recent years is the mass spectrograph. 
The mass spectrograph makes use of the fact that when 
particles having the same electric charge but differing 
slightly in mass are accelerated through the same potential 
in a strong magnetic or electric field, the particles will be 
deflected in accordance with their respective masses. The 
lighter particles will suffer greater deflection than the 
heavier particles. Mass spectrographs have been widely 
used in the investigation of isotopes, i. e., atoms of the same 
element that possess the same charge but differ slightly in 
mass. Though these instruments vary widely in detail and 
complexity, the principle in all of them is basically the 
same. 
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XXXIII. OSCILLATOR APPLICATIONS IN THE 
FIELD OF INSTRUMENTATION. 


The ability of the electron tube to generate sustained elec- 
trical oscillations between wide limits of frequency, as has 
been explained in earlier articles, is perhaps its most out- 
standing quality. This characteristic is, of course, a conse- 
quence of the tube’s ability to amplify—it depends on the 
tube being able to return a portion of its output back to 
the input. The principal application of the oscillating prop 
erties of electron tubes is in radio transmitters where they 
generate the high-frequency currents delivered to the an- 
tenna and in radio receivers to generate the local fre- 
quencies needed in frequency conversion. 

Electron-tube oscillators also have many applications in 
the field of industrial measurement and control. They form 
the very heart of high-frequency induction heating equip- 
ments used in the heat treatment of metal parts; similarly, 
they supply the high-frequency dielectric current used in 
the bonding of plywood and in the drying of other products. 

In the field of measurement they are used for the meas- 
urement of thickness, as ultramicrometers, in temperature 
measuring and recording devices, as frequency standards 
and as frequency meters. The latter perhaps is their most 
fundamental use in the field of electrical measurement. 
Fundamentally, any process of measurement consists in 
comparing an unknown magnitude with a standard. Since 
an electron-tube oscillator itself constitutes a frequency 
standard, it also becomes a frequency meter. Frequency is 
measured by counting the number of cycles or oscillations 
per second. Since this cannot be done directly at very low 
frequencies, other methods are necessary in electrical meas- 
urement. A simple and obvious method is to compare the 
unknown frequency with a tuning fork whose period of vi- 
bration is known or can be calculated. This is the principle 
used in the vibrating-reed type of frequency meter. Another 
method is by noting the response of a selective or resonant 
circuit such as a tuned circuit consisting of a capacitance 
and an inductance. The most precise method of measuring 
high frequencies is that of comparing the unknown with a 
known frequency, either matching it directly with a variable 
calibrated source as in the heterodyne frequency meter or 
by measuring the difference between the unknown and a 
fixed frequency standard (oscillator) of which the fre- 
quency is known by interpolation. 

The simplest type of frequency meter is the absorption 
type consisting merely of a coil and a variable capacitor in 
parallel with some sort of current-indicating device in the 
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Fig. 250. Simple absorp- — 
tien type frequency meter. = 
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circuit (Fig. 250). The latter can be a small incandescent 
lamp or a milliammeter. A circuit of this kind constitutes 
a tuned circuit and when it is loosely coupled to another 
oscillating circuit it will extract a small amount of energy 
from the oscillating when it is tuned to the same frequency 
as the oscillating circuit. Maximum current will flow when 
the circuit is in electrical resonance with that of the circuit 
being measured and this resonance is indicated by the 
brightness of the indicating lamp or the maximum reading 
of the milliammeter, whichever device is used. As a matter 
of interest, the indicating device can be dispensed with en- 
tirely if the circuit from which the energy is extracted has 
an ammeter or current-indicating device in it. As the fre- 
quency meter is tuned to resonance, the current in the sup- 
ply circuit will increase and this will be shown by the in- 
dicator in that circuit. The absorption type of frequency 
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meter, obviously, is not an electronic device since in ‘ts 
simple form it does not require the use of electron tub»s, 
Some of the modern forms use a vacuum-tube voltmeter 
to indicate resonance and, of course, such designs are clas- 
sified as electronic instruments. Absorption frequency 
meters are not used much at the present time except for 
rough checking of r-f. oscillators, but they form an ir- 
portant link in the history of the development of modern 
frequency meters. These absorption type frequency meters 
are mostly called wavemeters since the early models were 
calibrated in terms of wave-length rather than frequency. 

In modern precise frequency measurement the absorption 
type frequency meter has been almost entirely superseded 
by the heterodyne frequency meter. This is simply a sm: 
completely-shielded electron-tube oscillator with a precise 
frequency calibration covering a certain frequency range. 
Such an oscillator must be very carefully designed and 
constructed so that once it is calibrated it will retain its 
calibration over a long period of time. The frequency of 
oscillation at any particular setting must be practically thé 
same under any and all conditions. 

One of the most stable oscillator circuits and, therefor 
the most suitable for use in a frequency meter, is the ele 
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Fig. 251. An electron-coupled oscillator. 








' are ; OuTPY! 
_— ” Tu te 

s Cc, | | . 

' : 7—™ | 

} a 

q SHIELO 
| heb 


tron-coupled circuit. With electron coupling the oscillation 
frequency is practically independent of moderate variations 
in supply voltages and furthermore because of the nature 
of the circuit it is possible to take output from the plate 
with but negligible effect on the frequency of the oscillator. 
In the discussions of the various types of oscillator cir- 
cuits in earlier articles it may be recalled that when 
portion of the output of an amplifier was fed back into the 
input, the circuit would produce sustained oscillations. In 
some instances such coupling was carried out inductively, 
in others capacitively. With electron coupling, use is mad 
of the screen grid (tetrode) tube. As shown in Fig. 251, th 
control grid, cathode and screen grid, the latter being use 
as a plate, are combined in a conventional triode oscillatinc 
circuit with the screen grid at ground potential for r-f. volt 
age. The output of the oscillator is taken from the regula 
plate through a separate tank (tuned) circuit. With 
well-screened tube, the coupling between the “oscillator ’ 


Continued on page 10! 
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“ DUSTLESSTOWN, OHIO ~ 


@ It’s the little things that loom biggest temperature-controlled; why every step 
in the manufacture of delicate electrical in their mass production is protected. 
measuring instruments. Little things like As a result Triplett Instruments perform 


specks of dust or breath condensation 
better, last longer and render greater 


can play havoc with accuracy. That’s 
service value. 


why Triplett Instruments are made in 


spotless manufacturing departments; why Extra Care in our work puts Extra 


the air is washed clean, de-humidified and Value in your Triplett Instrument. 
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ELECTRICAL INSTRUMENT CO. siurrron, onto 
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“These area 


‘Today, the eight Jack & Heintz plants are 


turning out 36 different war products—in 


unending streams for the finest aircraft in the 
world. Our newest assignments are military 
secrets, but jobs we can talk about now 
are the instruments, auto pilots, generators, 
starters, motors and bearings that have gone 


to war by the tens of thousands. 
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This equipment is used in pursuit planes 
bombers, transports, patrol boats, trainers 
gliders ... and even blimps. Its performanc« 
has been such that the Jack & Heintz name- 
plate is now a welcome sign of dependability 
to the men who gamble their lives on it daily 
in every corner of the globe. 

From the first, Jack & Heintz has led th« 
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way in reducing weight, boosting output and 





increasing service life on every job undertaken. 
Engineering like this has helped keep America’s 
air fleet first in the war... it will be equally 
effective in holding that place in peace. 

Watch Jack & Heintz for new things in aircraft! 


Jack & Heintz, Inc., Cleveland, Ohio, manufacturers of Aircraft Engine 


Starters, Generators, Gyro Pilots, Gyro Flight Instruments, Magnetos, Motors. 
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~ ANVININGE CAN HAPPENS 


Hurtling earthward at speeds greater than 700 
miles per hour, the test pilot is purposely torturing his : - 
plane to the limit of its endurance. Riding as observer | Ch 
on many test flights, Consolidated Vibration and Strain he : 
Measuring equipment functions with unfailing accuracy 
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to check the results of this punishment. 

Probing the very structure of the plane, search- — 

ing out unwanted and damaging strains and vibrations, : detona 

these compact, lightweight instruments automatically : : itn : 
‘s : inw 

record their findings. This record, in the hands of quali- : head t 

fied engineers, aids in the ultimate design and manu- ; 2 shown 

facture of finer aircraft for war and peace. — : pore 
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Air power for war has urgently required the 
greatest share of these sensitive accurate instru- 
ments. However, the war's end will find us ready 
to apply this equipment to the structural and me- 
chanical engineering problems of peacetime man- 
ufacturing. 





Consolidated’s engineers are naturally inter- 
ested in your ideas ard problems. Please address 
inquiries to Dept. 10-A, 595 East Colorado Street, 
Pasadena, California. 
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‘Aviation Instruments 


_ Navigation Automatic- piloting Power plant Automatic-landing Aerological 
Communication Flight- testing Production Instrument- testing 
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Checking Cylinder-head Temperature 
Indicators 
By M. J. WIGGINS, USN Air Station, Vero Beach, Fla. 


YLINDER-HEAD temperature tells the “health” of 

modern high-power aircraft engines. A higher-than- 
normal reading is often a sign of serious trouble such as 
detonation. Low readings may indicate faulty plugs, too- 
rich mixture, etc. However, before the mechanic tears 
into the engine, he wants to be certain that his cylinder- 
head temperature indicator is reading correctly! The tester 
shown in the photographs was built for this purpose. It 
is easily-built, rugged, small and easy to carry about. All 
parts are readily available at most activities. 

In use, one lead is disconnected from the suspected in- 
dicator and the two test clips attached to the terminals, 
observing polarity. The indicator and the tester should be 
at approximately the same temperature and both zero- 
adjustments set the same. The toggle switch on the handle 
of the tester is turned ON and the small knob is turned 
to vary the readings. At every 50° mark the indicator 
should be checked for agreement with the tester within 
the required tolerances. left-hand corner and the hole enlarged to take a 3/16” 

The tester is constructed from a cylinder-head tempera- shaft. The rheostat (preferably a wire-wound unit of about 
ture gage which has been accurately calibrated at an over- 5000 ohms) is mounted on the back of the gage with a 
haul shop. The mounting nut is removed from the lower racket. This rheostat has a 3/16” diameter extension 
soldered to its shaft, projecting through the enlarged lug- 
hole. Various carbon resistors should be tried in the cir- 
cuit (shown in the diagram) until full-scale readings are 














CYLINDER HEAD 
TEMPERATURE GAGE 
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RHEOSTAT 








LEADS a 1, 
CARBON 
, SWITCH |X RESISTOR 


obtained with two indicators in parallel when the rheostat 
is turned fully oN. This carbon resistor and the “penlite” 
cell may be held in place by their connecting wires. The 
test leads are so anchored that there will be no strain on 
the connections. The clips should be marked as to polarity. 
An aluminum cover, insulated on the inside with paper 
tape, should be made to cover the rear assembly. (This 
cover has been removed in the rear-view photograph) The 
handle is made from an aluminum strip and serves to 
mount the on-off switch. 

Note: The tester must be used only on the type of indi- 
cator from which it was made. A copper-constantan tester 
will not work on an iron-constantan indicator. 
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New and more quickly responsive 


Thermostatic Bimetals, developed by 
Chace, have helped to bring new safety 


to the air traveller. 


Smaller and lighter thermal con- 
trols are thus made possible . . . Readings 
of both inside and outside temperatures 
are instantly available to the pilot... 


Correct automatically 


temperature is 
maintained in the various compartments 
. . » Constant temperature is supplied to 
altimeters . . . Circuit breakers—as many 
as 250 on a single bomber—are all con- 


trolled by Thermostatic Bimetal elements. 


These same dependable actuating 
elements for temperature responsive de- 
vices are available for the greater efficiency 
—and salability—of your products. To 
meet every possible demand, Chace pro- 
duces 35 different types of Bimetals .. . 
in strips, sheets . . . in shapes ready for 
assembly ... and in completed assemblies 


with terminals and contacts attached. 


Chace engineering knowledge is freely at 
your disposal. Let us suggest, in confi- 
dence, the type of Thermostatic Bimetal 


best fitted for use in your controls. 
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Thermostatic Bimetals and Special Alloys 
1609 BEARD AVE + DETROIT 9, MICH. 
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Thermocouple Wire Straightener 
By W. E. COLBATH, 120 Myrtle Ave., Portsmouth, N. H 


HERMOELEMENT wire usually comes in coils an 

therefore has to be straightened before it can be mad 
up into the finished couples. Too much bending in thi 
process may cause inhomogeneity in the wire, creating “ho! 
spots” which may affect the accuracy of the couple. 

The small accessory described in this article was designe: 
for the purpose of straightening a coiled wire with a mini 
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mum of bending. Its design and the dimensions of its com- 
ponents are given in the drawings. It was assembled of odd 
pieces of material which can easily be found in the average 
shop. The wheels were made of plastic, which is recom- 
mended to prevent scratching the wire. These wheels and 
the studs were turned on a lathe, the whole job taking but 
little time. The base was designed to be clamped into a 
vise for convenience of operation. 

It will be found that different wires such as Chromel, 
Alumel, iron, etc., will require a different setting of the 
adjustable center wheel. These settings may be ascertained 
after a few trials and suitable markings made on the base 
plate. 





Mounting Hairsprings 
By Pfc. BILL ENGELHARD, MCAS A&R, 
Cherry Point, N. C. 


TUDENTS recently returned from one of the country’s 
well-known instrument schools report that the problem 
of attaching hairsprings to moving coils had been left 
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Gagings from a single 







* Elgin Sapphire Gage of the size and type 
which, after 372,000 gagings, showed less 
than 5/ 1,000,000 of an inch wear, Illustra- 
tion actual size. 





QO’ comparable gagings of parts charged with a 

residue of grinding compound, cemented car- 
bide plugs wore out after a maximum of 23 days, 
hard steel plug gages wore beyond use within 1 
day, while the American Perforator Company 
found that this Elgin Sapphire Gage was still on 
the job after 11 months! War plants report the 
same almost unbelievable results from Elgin Sap- 
phire Ring Gages, too. 

With Elgin Sapphire Plug Gages there’s no 
wear allowance necessary. Their brilliant contact 
points of sapphire cannot rust, corrode, burr or 
become distorted with use. Amazing savings on 
gage replacements, on materials wasted in faulty 
parts. Sizes from .040” to .400” and with toler- 
ances as close as XX(+.00001). Write for prices 
and information. 


ELGIN SAPPHIRE PRODUCTS PRESENT MANY ADVAN- 
TAGES FOR THE FOLLOWING TYPES OF EQUIPMENT: 
Gages + Bearings * Thread Guides «+ Extrusion Dies « 
Knife Edges * Spray Nozzles + Diesel Injector Nozzles « 
Soft Wire Dies * Phonograph Needles + Cutting Tools for 
soft metals +* Burnishing Tools for soft metals + Pressure 
Vessel Windows « Electrical Insulators « Watch Crystals « 
Honing Stones. 


America’s best e~uipped sapphire fabricator 


ELGIN NATIONAL 
WATCH COMPANY 


Sepphire Products Division 


932 Benton Street, Aurora, Illinois, U. S. A. 
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entirely up to them. “There are numberless techniquc 
for mounting hairsprings. Each of you will have to develo 
your own,” was the limit of instruction according to on 
graduate. 

Where it is not feasible to construct special fixtures, w 
have found both at home and the shop here that no method 
works better than “building a paper platform,” as sketche: 

















After placing the element assembly on the familiar “duck, 
the operator slides the platform around the inner hair- 
spring support. A slight tug from the forked ends lock 
it fast. It is then a simple matter to slide the inner turn of 
the spring against the support. As both hands are free, 
tweezers may be used to steady the point of the soldering 
iron when bringing it in contact with top of the hairspring 
support. After soldering, the paper is “slipped out fron 
under.” 

The only precaution I have found necessary is insistencé 
that all platforms be cut by sharp razor blades or scissors 
—to avoid leaving minute bits of fuzz. 

Is this “old stuff” to you old-timers? 


[No, but a different type of paper platform, for untan- 
gling hairsprings, was described by Otto Thress of the 
American School of Aircraft Instruments (Glendale, Calif. 
in our December 1942 issue, page 528.—Editor] 








Cash for Shop Kinks 


on instrument repair, testing, installing, etc. 


This is to remind our readers that Instruments pays |, 
$5 (or more) for each shop kink or other time-saving 
and accuracy-promoting idea accepted for publication. 
The following rules must be observed: 

1. Type double-spaced on one side of paper. 
Author’s name and address at top of first 
page (envelopes get lost!) 

2. Diagrams must be in black ink (no blueprints). 

3. Only professional-grade photos will be ac- 
cepted (preferably 5 x 7 or 8 x 10 glossies). 

4. Each contribution to describe ONE method or 
device. An author may send as many as he 
likes. 


Share Your “Know-how” 











Postwar Air Passengers Assured of 


Correct Cabin Temperature 


MINNEAPOLIS. — Postwar air travelers will depend 
upon tiny coils of wire to keep warm while roaring through 
the sub-stratosphere, according to an announcement by the 
Minneapolis-Honeywell Regulator Co. The coils, like fingers 
reaching ahead of the plane, will anticipate temperature re- 
quirements and command the heaters to deliver more or less 
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and lost! 


Higher speeds and greater production 
have made it expensive to indulge in 
even the most skillful guesswork. A 
miss today is also as good as a mile 
when counting tons per hour or rev- 
olutions per minute. 

Corbin Tachometers have made it 
possible to see and know certain vital 
performance facts at all times. 


Obviously, it pays to install tach- 
ometers — and we believe you will 
find it especially profitable to install 
Corbin Tachometers for the follow- 
ing reasons: 






Call on us for prompt, complete information 
on Tachometers. They can be engineered 
to meet your special requirements. 


THE CORBIN SCREW CORPORATION 
The American Hardware Corporation, Successor 
NEW BRITAIN * CONNECTICUT 

PA-1 


TACHOMETERS 





AIR ComprRESSOR blows out! And 80 high 


(Air Express can serve every business 


SPECIAL PICK-UP and delivery of shipments at 
both ends, with speed of flight in between! 
The great economy of Air Express must be 
figured in terms of time. When time means 
money, Air Express saves both. 


964 Man-Hours Saved by 
G-Hour Air Express Shipment 


ly skilled men in a plant producing radio parts 
are idle. A phone call to the supplier gets a new unit delivered in six hours flat 
Air Express, the only way to avoid lay-off of the night shift with loss of 564 man-hours. 


with economy.) 


via 








THOUSANDS of manufacturers have found 
that Air Express usually saves many times 
over its cost. (Any item anywhere in the 
nation is yours in a matter of hours, 
long as the shipment fits in a plane.) 


Specify Air Express—Low Cost for High Speed 


25 lbs., for instance, travels more than 500 miles for $4.38, more than 1,000 miles for 


$8.75, more than 2,000 miles for $17.50, 
including special pick-up and delivery i 
same-day delivery between airport towns 


at a speed of three miles a minute—with cost 
1 all U. S. cities and principal,towns. (Often 
and cities.) Direct service to scores of foreign 


countries. Rapid air-rail service to 23,000 off-airline points in the United States. 
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GETS THERE FIRST 


let packed with facts that will help you 
solve many a shipping problem. Railway 
Express Agency, Air se press Division, 
230 Park Avenue, New York 17. Or ask 


for it at any Airline or Express office. 


Representing the AIRLINES of the United States 
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Write Today for’ Quizzical Quizz’’, a book- 


Phone RAILWAY EXPRESS AGENCY, AIR EXPRESS DIVISION 
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FISHER-PIERCE 
ELECTRONIC TIMERS 





Measuring only 37%” x 334” x 334" 
(exclusive of rear mounting 
bracket). Series 5000 Timers are 
compact, sturdy, and reliable. 





Model 5010 has been serving war- 
time industry for many months. 
Various sequences and intervals are 
available tor 
control. 


industrial machine 





Tell us abont your timing problems, 
perhaps we can help you — 


ISHER-PIERCE 


oO M N 
60 CEYLON ST., BOSTON 21, MASS. 
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heat even before passengers realize what’s going on in tl 
outside air, it was said. 

Completely automatic, the system goes under the length 
name of the “Electronic Cabin Temperature Control Sy 
tem” and has been in test service on several airlines an 
combat use on Army transport ships for some time, R. | 
Whempner, Chief Field Engineer for the company’s aer 
nautical division, said. 

“Controlling temperatures in a house is one thing,” h 
said, “but controlling temperatures in an airplane is quit 
another. The temperature outside a home fluctuates onl 
gradually. But an airplane moves from one temperature cor 
dition to another in a matter of seconds, and sometime 
these changes are 50°F. or more.” 

The principal part of the new control system is a packag: 
unit weighing slightly under 8 lbs., he stated. The system a 


Principal components of postwar airplane cabin temperature con- 
trol system. Not shown in this photograph are safety switches and 
valyes which automatically cut off the flow of gasoline to the 
heaters if the fuel line breaks; and an ‘‘Air Ram Switch’’ which 
automatically guards against operation of the heaters until suffi- 
cient forward speed is obtained to ‘‘drive enough air over the 
heaters for adequate combustion,’’ according to the announcement. 


a whole is designed to hold automatically any cabin tem- 
perature selected by the pilot. To passengers this means per- 
fect comfort conditions under all kinds of flying weather, 
and to pilots and stewards it means an end to passenger 
complaints and the nuisance of constantly making adjust- 
ments of manual controls. 


Connected to the master control switch in the cockpit, the 
new control system is automatically turned on when the 
pilot starts the engines, Whempner said. However, unless 
heat is required immediately, the heating system remains 
inoperative until the outside temperature falls to a point 
requiring the addition of heat for passenger comfort. At 
this point, without any attention from the pilot, the heat- 
ing system starts delivering heat to the cabin in the exact 
amounts needed to maintain the preselected. temperature— 
usually 70°F. 

The Honeywell engineer explained that the system an- 
ticipates changes in demand because it includes an outside- 
air-temperature compensator. This, he said, is a small coil 
of wire installed in the duct bringing outside air into the 
plane’s heaters. Temperature fluctuations change the elec- 
trical resistance of the wire and although this change is 
only slight, it can easily be measured by a bridge-circuit 
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Duty 


* A heavily armed 
soldier guards a } 
shipment of food for “g 
the hungry millions % 
of Europe... 


* A laboratory tech- 
nician guards the quality of foods being 
processed. 


Both performing vital functions, both 
using the finest of equipment—equip- 
ment such as the Spencer Refractom- 
eter which is a standard laboratory 
control instrument of canners, dairy- 
men, oleomargarine producers and 
others. Throughout these industries the 
refractometer is used to determine 
sugar content or total dissolved liquids 
—to determine the times when con- 
densation or hydrogenation or other 
processes have progressed to the proper 


point. 


For complete information about the 
many Spencer instruments which can 
help you maintain the quality of your 
product write Dept. P104. 





BUFFALO, NEW YORK 
SCIENTIFIC INSTRUMENT DIVISION OF 
AMERICAN OPTICAL COMPANY 









Spencer LENS COMPANY | 


- DO YOU MAKE: 


\ 


RADIO, SOUND AND COMMUNICATIONS EQUIPMENT? 
Vibration Pick-ups 
Polarized Relays 
Generators 
Meters 
Magnetron Fields 


Sound-powered 
Telephones 

Telephone Ringers 

Zoli colet-B.d-teltl (elie) a; 


Loud Speakers 
Headsets 
Microphones 
lal-telglile Niet) 
Electrical Musical 


Instruments Phonograph Pick-ups 


Phonograph Cutting Heads 


AUTOMOTIVE AND AVIATION EQUIPMENT? 


Voltage Regulators 
Motors 
Speedometers 


Magnetos 
Tachometers 
Compassés 


INSTRUMENTS? 
Oscillographs 
Flux Meters 
Watt-hour Meters 
Flow Meters 


Ammeters 
Voltmeters 
Galvanometers 
Seismographs 


Generators 
Magnetic Oil 
Filters 





Light Meters 

Cardiograph 
Recorders 

Vibration Pick-ups 


MISCELLANEOUS PRODUCTS? 


Magnetic Separators Arc Blow-out Magnets 

Magnetic Chucks 

Magnetic Conveyors 

Magnetic Clutches 

tele fal-titem Oke lil oltare) 
Devices 


Control Equipment 
Circuit Breakers 
Limit Switches 
Holding Magnets 


F YOU make any of the above products, it 

will pay you to find out how better perma- 
nent magnets can improve efficiency and reduce 
costs. Put your design, development or pro- 
duction problems up to The Arnold Engineer- 
ing Company. Arnold engineers have been of 
great assistance to many manufacturers and are 


at your service to advise exactly what Alnico 





permanent magnet will solve 


your particular problem. 


Temperature and Pressure 


Clocks 

Toys and Novelties 

Coin Separators 
for Vending 
Equipment 


+ ¢ 


NEW! Get 


copy of this valuable, 
up-to-the-minute man- 


gy 
your 


ual on the design, pro- 
duction and application 
of modern Alnico per- 
manent magnets. Write 
us, OM your company 
Jetterhead, today. 


HE ARNOLD ENGINEERING (COMPANY 


147 EAST ONTARIO STREET, CHICAGO 11, ILLINOIS 


Specialists in the manufacture of ALNICO PERMANENT MAGNETS 








; 
\ 











February 1945—Instruments—Page 99 





























MOELLER 


Fi PRECISION 
INSTRUMENTS 







i: 








INDUSTRIAL THERMOSTATS 
|fn0 THERMOMETERS 

LABORATORY HYGROMETERS 

THERMOMETERS HYDROMETERS 

RECORDING 

THERMOMETERS PSYCHROMETERS 


MARINE SPECIALTIES ETC., ETC. 


77 Years of 
DEPENDABILITY 


The lasting accuracy, ruggedness and other 
distinctive features of Moeller instruments 
are the resulf of the thoroughly precise 
and honest way they are engineered. 


MOELLER MERCURY THERMOMETERS 


Extreme Precision Grade: Solid glass etched stem, 
mercury thermometers (nitrogen filled) for determining 
temperatures within a fractional part of a degree. 


Standard Thermometers: Provide laboratory accuracy 
combined with sturdiness. Made of highest grade glass and 
materials. Mercury filled, calibrated for total or partial 
immersion. Types with “Moeller Glass Red Reading Column” 
afford optimum ease in reading. 

Industrial Thermometers: High accuracy is easy to 
read under plant conditions because of "Moeller Glass Red 
Reading Column". Prevents eye-strain. V-shape case with 
glass front furnished in wide variety of forms such as: 
Straight Stem (see illustration above), Angle Form Types, 
Handie-Top Thermometers for use in food processing, gal- 
vanizing, etc., etc. 


Separable Sockets, Extension Necks, etc., etc., available. 
Thermometer Test Wells—machined from solid bar stock. 


DIAL and RECORDING 
THERMOMETERS 


Made to strictest standards of pre- 
cision, these mercury filled instru- 
ments ere calibrated for ranges up 
to 1000°F. or equivalent. Square and 
round cases available. Metal and 
Phenolite cases. 


Write for catalog 


MOELLER === 
INSTRUMENT COMPANY 


{32nd STREET and 89th AVENUE 
RICHMOND HILL WHEW YORK 


Sales Representatives in Principal Cities 
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instrument. Serving as the brains of the system, the meas 
uring instrument learns from the coil that the outside ai 
is colder or warmer, as the case may be, and it sends elec 
trical commands to a motor which opens or closes a mixin 
damper and thus proportions the amounts of outside a 
with heated air from the plane’s heaters. 

The system also includes a “Cabinstat,” Whempne 
pointed out, which is another coil of wire mounted in th: 
cabin and serving about the same function as a thermosta 
in a house. This, too, interprets temperatures and send; 
messages to the instrument brains which, getting signal: 
from both coils, position the mixing damper to maintai 
the selected inside temperature. The latter, he said, is deter 
mined by a small dial mounted in the cockpit. 

If a plane takes off while ground temperature is 70°F. 
no cabin heat is required, he continued, but as it climbs t« 
high altitudes, outside temperatures take a nose dive. The 
little outside compensator notices this drop immediately and 
tells the controller which, in turn, commands delivery of 
heat to the cabin. The passengers are not conscious of the 
outside change, he said, because of the reservoir of heat in 
the cabin. Before this heat is lost to the outside, making 
the passengers uncomfortable, heat is coming into the cabin 
in the exact proportion needed to maintain a constant and 
comfortable temperature. 

The reverse is true when the plane moves into warmer 
temperatures, he continued, because while the inside “Cabin 
stat” calls for heat, the outside coil knows that less heat 
will be required and so less heat is delivered. 

All of this, Whempner claims, is not complicated. But the 
airline traveler doesn’t particularly care if it is or not. All 
he needs to know is that he can ride in complete comfort 
while flying from summer through winter temperatures. 


Pressure Gage Speeds Pre-oiling 


RE-OILING of engines on the B-26 Marauder prior to 
their initial start has been greatly improved at The 
Glenn L. Martin Co., Baltimore, Md., by the installation of 
a pressure gage on the governor pad in the nose section. 





Since the oil is introduced under pressure through the aft 
section, any blocks in the oil system are immediately indi- 
cated on the gage. Correspondingly a correct reading on the 
gage insures that all parts are properly lubricated. 

Installation and removal of the gages takes only a few 
minutes—which is not lost time but time well invested in 
protection against failure and damage to valuable equip- 
ment. 

Credit for developing this engine-saving practice goes to 
the many craftsmen of the ground test line at the Martin 
Airport. 
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at New circular explains, illustrates 18 ways in which the Mead 
Industrial Burring Machine saves time and money—also con- 
1e tains special Grit Guide. Every industrial plant needs this 
1] ‘Jack-Of-All-Trades” machine. Your burring can be done in 
rt “free time’”—install these machines by every machine tool which 
leaves burrs. Grinds, finishes both outside and inside cutout 
openings. Immediate delivery in most cases. Write for the in- 
formative Money-Saving circular now. 
MEAD SPECIALTIES COMPANY | 
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/s a-Close Secor 


< pphsene EDISON rightly claimed that time is the most valuable thing in the world 


but there's no gainsaying thac ACCURACY is a close second. For instance 


» accurate 
control of processing temperatures and pH saves rehandling, hence time 
For this purpose potentiometric instruments are supreme and their accuracy, for 


25 years 
has been largely due in most 


cases, to EPLAB Standard Cells 


The latter were the firse 
commercial cells of their type on the 


market and 
have made mass production compatibl 


¢ with uni 
formity in many fields 
Practically all our production is devoted to this one 
product 
THE EPPLEY LABORATORY, INC. 
SCIENTIFI<¢ INSTRUMENTS 
NEWPORT, RHODE ISLAND, I Dar 


EPLAB Standard CELLS 


For Potentiometric Instruments 
“As Standard as Sterling” 






















WHEN PLANNING +0 build new 


machinery and equipment... or \ 
to improve old models... be sure \ 
to get full information about Para- 
gon Automatic Time Controls. \ 
These instruments, when built into \ 
numerous types of equipment, save 
time... 
\ reduce errors.. 
4 cy ... and lower costs. They can 
improve the salability and useful- 
ness of innumerable products and 
help meet postwar competition. 
HUNDREDS OF APPLICATIONS—Some 
of the numerous applications of 
timers are: Protecting component 
parts, such as electronic tubes . 
Automatically turning air condi- 
tioning units on and off... Se- 
quence Timing...Laboratory Test- 
ing... Conveyor Control... Light 
\ Exposure...Heat Treating...Pump 
\ Operation...Machinery operation 
. Plastic Molding...Time delay 
on pump back spin...Controlling 
pre-heating schedules. 
ASK PARAGON ENGINEERS . . . about 
the application of time controls to 
your problem. Since 1905 these 
engineers have designed, manu- 
factured and field-studied the op- 
eration of industrial timers, time 
switches, time delay relays and 
; interval timers. They will study 
your problem and make recom- 
mendations without cost or obli- 
gation. 
PARAGON ELECTRIC COMPANY 
726 Old Colony Building 
Chicago 5, Illinois 
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with ce WAPPLER INDUSTRIAL TELESCOPE 





















Inspection problems in the 
EXAMINATION OF 
INTERNAL SURFACES 


may be solued by means of 
WAPPLER BORESCOPE 


This is a telescopic instrument containing 





a lens system. The angles of vision for 
different type visual systems are shown. 
Borescopes range from .110” dia. x 334” 
long to .390” dia. x 72”. Each instrument 
complete with conducting cord and spare 
famp, and contains lighting circuit. Light 
source provided by batteries or direct 
connection to house current by means of 
current controller. 


Write for Cooklet 





Maintenance and Servicing 
of Electrical Instruments 


3y JAMES SPENCER, in charge of Instrument and 
Relay Dep’t, Westinghouse Elec. & Mfg. Co., 
Newark, N. J. 


REPRINTS AVAILABLE 


This reprint should be of great value to all those 
whose problem is to keep in operation the electrical 
instruments on vital war production as well as on 
war equipment. 


Cloth, xii + 256 pages, 5 X 8% inches, 
274 illustrations 


Price, $2.00 postpaid 
Check, money order or cash must accompany order. 


INSTRUMENTS PUBLISHING CO. 
1117 Wolfendale St., Pittsburgh 12, Pa. 
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Electric Gaging Methods 

(Continued from Page 84) 
in Fig. 112. Two separate optical systems are used, ea 
comprising a front lens, an optical grating, a rear lens, ar 
a photoelectric cell. The front lens forms an image of t 
field being scanned on the optical grating; the rear le: 
takes the light passing through the clear spaces of tl 
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grating and focusses it upon the phototubes PT. The tw 
gratings are the inverse of each other; where one is trans 
parent the other is opaque. The two optical systems and th« 
electrical circuits are so adjusted that exactly the samé« 
area is covered by each of the systems, and the outputs 
of the two phototubes are equal. No electrical output appears 
when this condition obtains. But if an object enters the 
field, this balance is disturbed, and an electrical output is 
produced. 

When checker-board gratings, such as those illustrated, 
are employed, the device is sensitive to objects moving i 
any direction across the field; if the gratings consist of 
parallel bars, it becomes insensitive to objects moving in a 
direction parallel to the bars of the gratings. The electrical 
circuit can be made to respond to any intrusion, or simply 
to any movement. The system has been used in a number of 
applications, ranging from anti-intrusion systems to ma- 
terial inspection. 

There is available a wide variety of electric circuits in 
which photoelectric devices can be placed;?22 no detailed 
description can be given in this section. In addition to the 
most elementary connection, to measure amount of light, it 
is possible to measure sums and differences, ratios and 
logarithms, through simple electric circuits only. If cams, 
optical wedges, and other devices are introduced into the 
system, the possibilities are expanded almost infinitely. The 
circuit employed in some of the light-ratio devices just de- 
scribed 247,254 is a bridge circuit of the Wheatstone form; 
it is shown in Fig. 118. Another method of securing the 
ratio action is to connect two phototubes back-to-back, as 
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shown in Fig. 114. Since an emissive-type phototube is a 
rectifying device, and conducts current in proportion to the 
illumination, if a-c. excitation is applied current will flow, 
its direction and magnitude indicating the ratio of the light 
striking the two phototubes. Although the figure shows a 
current-measuring instrument the current flowing is so smal] 
that amplifying systems are almost always used. Other 
connections are used for particular purposes, each suited 

(254) Alan S. Fitzgerald. The Petoscope: A New Principle 


in Photoelectric Applications. Journal of the Franklin Institute, 
Vol. 222, 1936, pages 289-325. 
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Some of the smaller things on a battlewagon 


When enemy planes are in the skies, the survival of our great 
battleships often depends upon the accuracy of a handful 
of tiny pieces of glass. These are the optical components of 
the anti-aircraft fire control instruments. They must be as 
nearly perfect as the most advanced techniques can make 


them. 


No wonder the Bureau of Ordnance of the United States 
Navy is so particular in the selection of these optics upon 
which the safety of our ships and men depends. Very few 
manufacturers have been able to meet the rigid naval speci- 


fications for parts like these. 


Our technicians and craftsmen are justly proud that they can 
grind and polish glass to the exacting naval requirements. 
This compact group of precision lens specialists has been busy 
all through the war supplying our armed forces. They are 
looking forward to the time when they can apply their war- 
improved skills to the production of equally fine products 
for peace. 


The plant in which they work has always been solely devoted 
to producing precision optics for other manufacturers. No 
other products are made here. If you have a post-war prob- 
lem in optics you will find the kind of help you need in this 
modern, well-equipped plant. 











for precision OPTICS come to 
AMERICAN LENS COMPANY, INC. 


45 Lispenard Street, New York 13, N.Y. ° 
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FAST 
CASED BY-PASS CAPACITORS for 
High Quality Electronic Devices 


Illustrated are a few Fast Capacitors (Oil 
impregnated and filled; Hermetically 
sealed) of the “Bath-Tub” type—trated at 
400, 600 or 1000 Volts D.C.—which in- 
clude capacities .05 MFD; .1 MFD; .25 
MFD; .5 MFD; 1.0 MFD; and 2.0 MFD 
—single, dual or triple units—wax or oil 
filled (wax type may be supplied non- 
hermetically sealed if so desired)—in steel 
or brass containers—to meet Signal Corps, 
Navy or American War Standard Specifi- 
cations. May be had in Top, Bottom, Side 
or End “rivet type” terminals. Standard 
Capacity tolerance is +20% — 10°; other 
tolerances may be had if required. 





For further data on this or other types 
please feel free to write us—we shall be 
happy to serve you. 


When you think of Capacitors, think Fast 


Capacitors for Electronic Instruments, Electron Micro- 
scopes, Laboratory Standards, Motion Picture Cameras 
and Projectors, Oscillograpbs, Oscilloscopes, Pressure 
Controls, Regulators, Relays, Scientific Instruments, 
Sound Recorders, Special Purpose Meters, Spectrograpbs, 
Spectropbotometers, Temperature Controls, Timers, X- 
Ray Apparatus and many other Devices. 

















Capacitor Specialists for a Quarter-Century 
3105 North Crawford Avenue, Chicago 41 
Canadian Representatives: 

Beaupre Engineering Works Reg’ d. 
2101 Bennett Ave., Montreal, for Power Factor Correction 
J. RB. Longstaffe, Ltd., 11 King St., W., Toronto 1, for 
Special Applications 
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to its use.255 One extremely simple circuit converts lig 
intensities into logarithms directly25® through the use of : 
tube which (in this circuit) suffers a plate current chan; 


& 


e 
in proportion to the logarithm of the resistance in the grid 
circuit. The basic circuit is drawn in Fig. 115. 

To be continued 


(255) F. H. Shepard, Jr. Some Unconventional Vacuum Tub: 
Applications. RCA Review, Vol. 2, October 1937, pages 149-160 

(256) John Russell. A Photoelectric Cell Circuit with a Log- 
arithmic Response. Review of Scientific Instruments, Vol. 8, 1937 
pages 495-496. 





Electron Tube Principles 
(Continued from Page 88) 


and the “output” portions of the circuit is almost entirely 
through the electron stream, so that capacitance effects are 
absent. 

This principle of operation is used in the electron- 
coupled frequency meter shown in Fig. 252. An instrument 
such as this is usually designed so that the variable capaci- 
tor C, will cover completely the lowest frequency range for 
which the instrument is intended to be used. Suppose this 
is from 1715 to 2000 ke. For higher frequencies, the har 
monics of the oscillator are used. Thus the second harmonic 
will cover the 3500-to-4000-ke. range, the fourth the 7000 
to-8000-ke. range, and so on. 


In use, the signal from the oscillator (or a harmonic) 
just described is fed into a receiver or simple detector to 
gether with the signal to be measured and the two fr 
quencies are heterodyned, that is the two frequencies ari 
made to beat against each other. As the variable capacitor 
C; is gradually varied, the frequency of the oscillator wil 
gradually approach that of the signal being measured 
the pitch of the beat note will gradually decrease. At ze 
beat with the signal, the frequency of the oscillator or the 
harmonic multiple will be the same as the unknown fre 
quency, and the latter therefore can be read directly fror 
the frequency meter dial. - 


Beat-frequency Oscillators 


An instrument that has come into extensive use in recent 
years in laboratory measurement work is the beat-frequenc) 
oscillator. This type of oscillator is used to provide a source: 
of audio frequencies over a considerable range. In this typ: 
of oscillator, shown schematically in Fig. 253, the outputs of 


VARIABLE 
FREQ. RF +———— 
OSCILLATOR 
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name: | Fig. 253. Block diagram of a bea 
FIXED | ] frequency oscillator. 
FREQ RF. |_| | 
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’ T | 
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two oscillators of slightly different frequencies are combine 
to produce the desired audio frequencies. One of the r-f. oscil 
lators operates on a fixed frequency while the frequency 0 
the other is varied by means of a variable capacitor. Suppos« 
the fixed-frequency oscillator operates at 100,000 cycles 
Then, if the variable-frequency oscillator happens to be set 
at 90,000 cycles the result of mixing the two frequencie 
would provide two additional frequencies, one the sum o* 
the two, namely, 190,000 cycles, and the other, the differ 
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OU Types of Industrial 
ELECTRONIC TUBES 


RECTIFIER 
POWER 
CONTROL 
PHOTO-ELECTRIC 
TRANSMITTING 
RECEIVING 


STOCKS ON HAND FOR 


Immediate Delivery 





eee, 1 Take advantage of this complete, central- 
1 Helpful 1 e ° ° BD 
rely \ ized service on all types of industrial elec- 
are 1 BUYING | tronic tubes. Many are “on-hand” for rush 
GUIDE | delivery! RCA, G.E., Raytheon, Amperex, 
on —e ae Eimac, Taylor, and other well knownmakes. 
ent on Request . Save time and work... Call Allied First! 
aci- ' Write, Wire or Phone Haymarket 6800 
1 Write for it! | 
for 
i i ae 
ar Euerything in Radioaud Electronics 


00. ALLIED RADIO CORP. 


833 W. Jackson Bivd., Dept. 28-B-5, Chicago 7 











SCHERR 
COMPARITOL 


Inexperienced operator can check 
dimensions on duplicate work to 
1/10,000. Set of anvils to facilitate 
use with round, flat or formed parts. 
Special fixtures to enable checking 
of two or more dimensions at one 
handling of the work. 


This Scherr inspection tool has demonstrated in GAGE BLOCKS? 
hundreds of shops its enduring precision and its If wet, elroady 
tI . * : . equipped with a set 
ability to speed up the important function of inapee of chenderds, weile 
tion, eliminating assembling difficulties and rejects. for details on our 
A ? Ultra-Chex Gage 

Write, wire or phone for details on the Scherr Blocks — a 34-blek 
Comparitol. If you have an unusual inspection prob- set giving 80,000 
lem, talk it over with Scherr engineers. Their sugges- — ‘OF 110,000. 


tions may save you time and trouble. Price, $125.00. 


ait) 199-A LAFAYETTE STREET 
° oy INC. NEW YoRK 12, N.Y. 



















































/ POSTWAR PLANS 


SOMCO products can play an important 

part in your own postwar plans. New and im- 

proved SOMCO optical methods, new ideas, 

4 new products, born of war experience, will be 

broadened for peacetime use, far beyond their 
present military applications. 


As soon as we get the "go ahead" signal, our 
facilities, our research and engineering staffs 
will switch to peacetime production—to help 
you produce better products for the optical 
industry. 


And, you may be sure that SOMCO products 
will embody the same quality, craftsmanship, 
precision and experience that won for us five 
Army-Navy citations. This 
means even finer precision op- 
tics than you enjoyed before. 





In the meantime w sre as siways, read 


OPTICAL MANUFACTURING CO. 


3200 WEST CARROLL AVENUE +- CHICAGO 24, ILL. 
* 
PROJECTION LENSES »* CAMERA LENSES = PRISMS 
OPTICAL FLATS * SOUND OPTICAL SYSTEMS AND 
LENS COATING FOR LOW .REFLECTION 
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Tight, Permanent Solder Bonding. 


Demands 
CORRECT 
FLUX 







Photo courtesy Bell Aircraft Corporation | 


Be Sure with KESTER 


@ Wrong flux can impair any soldered connection. Don’t 
take chances with your finished product because the flux 
you use isn’t suited to the job. Be sure with Kester! 


® Forty-five years’ experience backs Kester Fluxes. From 
that experience Kester engineers have developed a vast 
range of flux formulas covering every possible soldering 
requirement. Seams of various types require different kinds 
of flux. Spot soldering other kinds. Sweating operations 
still other formulas. And so on. 


@ What fluxes are best for your various soldering opera- 
tions? Kester engineers and technicians can tell you. And 
the complete line of Kester Fluxes includes the right fluxes 
for your various jobs. 


@ Delicate electrical connections, for example, demand a 
flux that is a poor conductor, that is non-corrosive, and that 
has no tendency to collect moisture, dust or other foreign 
matter. Kester has it; and any other flux you need. 


@ Take advantage of Kester experience and Kester tech- 
nical knowledge. Kester engineers will be glad to work 
with you. Consult them. 
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KESTER SOLDER COMPANY 


4216 Wrightwood Ave., Chicago 39, Illinois 
Eastern Plant: Newark, N. J. 
Canadian Plant: Brantford, Ont. 
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| described in the first part of this article. 


ence of the two, or 10,000 cycles. If the latter is the desire 
audio frequency, this is amplified while the other three 
frequencies, that is, the two original radio frequencies an 
their sum, are filtered out by means of filter circuits. 

The principal advantage of this type of oscillator is th: 
the whole range of audio frequencies from 0 to 15, a < or 
20,000 cycles can be covered by means of a single dial. 
one type this frequency range can be doubled (the rang 


| extended to 40,000 cycles) merely by throwing a switc 


which changes the frequency of the fixed-frequency osci 
lator. In the example given above, if the frequency of th 


| fixed-frequency oscillator was changed to 110,000 cycles, th 


difference would be 110,000—90,000, or 20,000 cycles. Thus 
it is seen that by changing the frequency of the fixed 
frequency oscillator the output frequency also is changed. 

Oscillators of this type are characterized by very good 
wave-form, constant output level, lightness and compact- 
ness. Their design and construction require great care, 
however, otherwise they are likely to have poor frequency) 
stability. Other problems of design involve the preventio: 
of interaction between the oscillators, the elimination of 
harmonies and other undesired frequencies and the pre 
vention of variation in output level. 
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When two r-f. oscillators operating at slightly different 
frequencies (as is the case in beat-frequency oscillators) 
are closely coupled there is a tendency for the two to pull 
into synchronism. This, of course, would prevent the pro- 
duction of the audio frequency. Such interaction between 
the oscillators may be prevented in various ways. One, for 
example, is by the use of the electron-coupled oscillator 
The electron- 
coupled oscillator is extremely stable and the frequency is 
little affected by the load connected to the output circuit. 
Another method to prevent such interaction is by the use of 
a buffer amplifier. This is the method indicated in the block 
diagram shown in Fig. 253, and the method used in the cir- 
cuit of the General Radio 713B beat-frequency oscillator 
shown in Fig. 254. This oscillator has a frequency range of 
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«, | HeB... for Quick, Accurate 
ic 
0 Solves Low Temperature Measurements M easurement o f 
“ One war-born problem in the petroleum industry called for 
a thermometer accurate at minus 40° F. for checking avia- LOW PRESSURES 4 
tion hydraulic fluids. Mercury, which freezes at minus 38° F 
could obviously not be used, while ordinary liquid-in- gloss | and DRAFTS | a 
thermometers were not accurate enough. a ; 
The H-B Instrument Company was called on to solve this 
problem. A new type mercury-thallium alloy thermometer, 
accurate to minus 62° F., was produced and another HIS handy gauge is widely used 
Ba onyeony gro was solved Whether your require- for measuring low pressures, 
nents call tor special or standard temperature indication : : 
or control instruments, call on H-B. H-B Instrument Com- drafts and differentials—such as 
pany, 2525 North Broad Street, Philadelphia 32, Pa. furnace drafts, pressure drop across 
pous.e : i ; also 
THERMOMETERS + THERMOSTATS + RELAYS : Seated veRany ae i itll 
THERMO-REGULATORS + HYDROMETERS pressure drop across displacement | 
ee meters and pressure measurement 
: ; ee Se on bell provers. 
| = 
qf sTock sizes : It is a direct reading instrument with | 
“Number |Length|Width/|Height eee an inclined tube giving increased 
hal : : ba scale length to permit accurate read- 
1025-2 | 12 9 6 ; 
1025-3 | 12 12 3 ings of fractional inches of water | 
| 1025-4 | 12 | 9 | 9 pressure. 
1025-5 | 18 9 6 , 
1025-6 | 18 9 9 Housing is of dull black crackle with 
1025-7 | 18 12 9 bracket for wall mounting, having two 
g 1025- 8 | 18 ad S adjusting screws for leveling. Each 
1025-9 | 18 15 4 a ae ,' , 
4025-10 | 18 r) ; gauge is individually acnnnies, in 
| 1025-11 | 18 15 12 suring extremely accurate operation. 
1025-12 | 18 | 12 | 12 ta 
1025-13 | 18 18 i2 Available in Single-Tube, Two-Tube 
1025-15 | 24 15 12 and Three-Tube styles. Sturdily built 
g 1026-16 | oe 18 | for long, carefree service. Each gauge 
soeig = ie - is furnished with standard accessories 
| & 1025-19 | 24 | 18 | 18 ready for operation. Write for Bulletin 4. 
tH y 1025-20 | 24 | 12 4 
~ | 1025-23 | 30 15 4 
) ara el ee THE MERIAM INSTRUMENT 60. 
‘ 1025-22 | 36 12 g 10958 Madison Avenue « Cleveland 2, Ohio 
n t 1025-21 42 3 9 In Canada: Peacock Bros., Lid., Montreal 
r a Send for Brice List . 1025-24 
. ' 
- eds PARTS BOXES | ERIA se 
4 As per specification 42B9(INT), for ship- Y 
¢ board use, Electrical and Mechanical. Navy a |e nileumen ts 
c . grey finish. Immediate Delivery. aes | W4 
™|. COLE STEEL EQUIPMENT CO. fie Fa 
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10 to 40,000 cycles in two steps. The main control of 
oscillator is engraved with a logarithmic frequency s 
extending up to 20 ke. A switch is provided which shifts 
frequency of the fixed oscillator in the manner described ; 
this extends the frequency range up to 40 ke. 

The variable oscillator, it will be noted, is coupled dire: 
to the balanced detector but the fixed oscillator feeds int 


buffer amplifier and then into the detector. The output f 


the detector passes through the high frequency filter wh 
the two fundamental radio frequencies as well as the up 
side band are removed and then the signal is amplified 
means of the balanced degenerative audio amplifier. The « 
put circuit includes a doubly-shielded transformer wh 
couples the output tubes to a constant impedance attenua‘ 
and a tapped auto-transformer. The latter provides th 


different output impedances, namely 50, 500 and 5000 ohms, 


and is enclosed in a high-permeability shield so that no hun 
is introduced into the output. The open circuit output voit 
age of this oscillator is approximately 150 volts while th. 
maximum power output it can deliver to a matched load is 
slightly over one watt. This oscillator has excellent fr 
quency stability and is designed so there is little frequency 
drift due to temperature changes. 


Electronic Thickness Gages and Moisture Meters 


In a preceding article methods were shown whereby elec 
tron tubes were used in connection with micrometers t 
determine the exact point of contact. Another type of elec 
tronic micrometer is possible, used as an oscillating-tulx 
circuit. 

Fundamentally, the method is very simple. It merely 
involves the change in capacitance of a capacitor with 
change in separation of its plates. If a capacitor is con- 
nected in series with an inductor to form a tuned circuit, 
and if this circuit is coupled to an oscillator, as shown in 


MILLIAMMETER 


[ @- 














nes 





Fig. 255. Principle of the electronic thickness gage. 


Fig. 255, the circuit can be tuned to resonance. The point 
of resonance will be indicated by maximum reading of th: 
ammeter connected in the circuit. At the point of resonance, 
the circuit is extremely sensitive to changes in capacity of 
capacitor C. Therefore, if one of the plates of C is fixed 
and the other arranged to vary its position with respect 
to the fixed plate, the combination will constitute a sensi 
tive micrometer. The milliammeter can be calibrated direct]: 
in terms of distance or thickness. 

This principle of measurement can easily be applied t 
continuous processes, to the measurement of thickness of : 
sheet of material, a sheet of rubber for example. If th 
sheet is passed between the plates of the capacitor, th: 
capacitance varies with the thickness of the sheet becaus 
of the variation of the dielectric constant. This changes th: 
impedance of the circuit and consequently the current i! 
the tuned circuit. A milliammeter measuring this current 
indicates the thickness of the rubber sheet directly in 
terms of inches or millimeters. If desired, the variation o 
current in the tuned circuit may be amplified and made t 
control the thickness of the sheet as it is being made. 


In much the same way that thickness can be measure‘ 
by an oscillating circuit, so can moisture-content be meas 
ured. If a rayon ribbon is mounted directly about a shee’ 
of paper as it is being manufactured, the length of th 
ribbon will vary with the moisture content of the pape1 
If, therefore, one end of the ribbon is fixed and the othe 
end attached to the movable plate of a capacitor, the cur 
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long mirror scale 
provide for con- 
sistent accuracy in this Alnor portable electric thermom- 
eter. Available in any desired range with aspan of 50 deg. F. 
or more between minus 50 deg. F. and plus 400 deg. F. Also 
with two or more scales, and multi-point instruments. 


Ten types of thermo-bulbs are available for use with 
Alnor thermometers, for use indoors or out, under pres- 
sure, in moving air, in liquids, and for laboratory use. 
Other Alnor thermometers include single and multi-point 
types up to 14 points for switchboard installation. Write 
for bulletins. 
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rent in the oscillating circuit will vary with the moistu 
content of the paper. In this case the milliammeter is ca 
brated directly in percent of moisture content. 

These devices permit continuous measurement of e 
tremely small dimensions and they have been applic 
successfully in the control of a number of commerci: 
processes. It is necessary, in the manufacture of pape 
for example, to produce a finished product with a certai 
percentage of moisture left in. By means of the capacit: 
micrometer described here it is possible to guard again 
the paper being either too dry or too wet. 

The thickness gage also has been successfully applied i 
continuously measuring the diameter of wire during it 
manufacture. One such equipment uses a heterodyne osci 
lator described earlier in this article. One oscillator operat 
at a fixed frequency; that of the other is made to var 
with variations in the wire diameter. The resultant bea 
frequency is amplified and a recording ammeter in th 
output circuit indicates the variations on the wire dia 
meter. 

All of these applications, it will be noted, are variation 
of the same principle. This principle is one of the mos 
useful in the entire field of electronics, and offers grea 
opportunity for further application. 

XXXIV. CONCLUSION 

It is always difficult to write the concluding chapter o 
a book such as this. The author is conscious of so man) 
things that have not been touched upon, of so many 
things that have been left unsaid that it ‘seems unjust t 
the reader to terminate the book without at least men 
tioning them. This is particularly true of this book. The 
applications of electron tubes that have been described ir 


the foregoing chapters constitute only a small proportion 
of the applications of electronics that have been made in 


the field of instrumentation. Other matters also have been 
omitted. Little, for example, has been said regarding th: 
use of electron tubes in the regulation and control of in 
dustrial processes—the emphasis has been entirely o1 
measurement. Yet measurement and control go together: 
“before a condition can be controlled it must be meas- 


ured.”* The ramifications of industrial electronic contro! 


applications are so extensive, however, so diverse and so 


numerous that it is impractical to cover the subject along 
with that of electronic applications in the field of measure 
ment in a single small book. Many of the principles and 
applications presented here, however, have a direct bearing 
on industrial control equipment. Consider the wire-thick 
ness recorder described in the last chapter, for example. 
As described, it was developed to provide a continuous 
record of the diameter of a strand of wire during the 
process of manufacture. This is purely a measurement 
application. It would be only a step further, however, to 
connect it up with suitable amplifiers and motor controls 
which would vary the tension of the wire as it passed 
through dies or the distance between rollers if it were a 
flat strip instead of a wire. By such means any tendency 
for the wire to vary in thickness would initiate action 
whereby the thickness would be maintained constant. The 
same is true for almost any type of measurement. In the 
measurement of temperature, for instance, the measuring 
device usually involves an indicating or recording instru 
ment. If the instrument, by means of such a method as th« 
“hole-in-meter” principle previously described, is made to 
cut heaters in or out as the temperature varies, we hav: 
a system of regulation. 

This brings up the question of the difference between 
regulation and control. These two terms are often mis- 
used and not very well understood, yet the difference 
between them is easily explained. Here it is. Regulation is 
based on “feedback.” Control is not. A regulator tends to 
keep constant some condition like speed, temperature, volt- 
age or position through a system that automatically cor- 
rects errors by feeding the condition being regulated into 


*M. F. Behar, “Fundamentals of Instrumentation,” Instruments 
Publishing Co., Pittsburgh, 1932. Preface. 
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on weight of each car is automatically printed | 
er: on a visible tape. Human errors are elimi- 
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the system. This is shown in Fig. 256. Control, on tt 
other hand, adjusts a condition through some influence 7 
connected with that condition at all. An adjustment lik 
the movement of a rheostat handle by an operator, or th 
cutting in or out of a time switch are examples of contro 


goee:*. 
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Fig. 256. Principle of regulation 


; ; — , 
The detection of improper characteristics of objects 0: 


articles on a production line conveyor and the consequen 
elimination of such articles, through the action of photo 
cells, magnet coils, etc., also constitutes an example of 
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Fig. 257. Principle of control. 

control. The principle of control is shown in Fig. 257 
Assume that it is the voltage at the load that is to be con 
trolled. An adjuster is provided on the controller by means 
of which the voltage at the load may be controlled to meet 
load changes. 


Negative Feedback 


One of the most important developments in amplifier 
design in recent years is the use of stabilized feedback as 
developed by H. S. Black of the Bell Telephone Labora- 
tories. This principle in amplifier design was touched upon 
briefly in Chapter XXVII in describing the General Radto 
Type 726A vacuum-tube voltmeter; there it was referred 
to as degenerative feedback. 

Feedback, especially negative or degenerative feedback, 
is fundamentally an example of regulation. The perfor- 
mance of an ordinary amplifier, especially when high de- 
grees of amplification are necessary, is seriously affected 
by voltage fluctuations and slight changes in the charac- 
teristics of tubes and circuit constants caused by age or 
temperature as well as other factors. In former years, 
therefore, it was necessary in most cases to limit the 
amount of amplification in order to reduce the effect of 
these factors to a minimum. 

All this was changed, however, with Black’s revolution- 
ary development of negative or degenerative feedback. 
In our study of oscillating circuits one aspect of feedback 
was considered—how, by feeding a portion of the output 
back into the input of an electron tube circuit, sustained 
oscillations could be generated. This, it was shown, was the 
basis of all radio transmitters, but when such transfer of 
energy took place spontaneously in an amplifier cireuit, the 
result was disastrous insofar as performance was con 
cerned, and neutralizing schemes were necessary. 

However, by building an amplifier whose gain is made 
deliberately, say 40 decibels, higher than necessary (10,00( 
fold excess on energy basis) and then feeding the output 
back to the input in such a way as to throw away the 
excess gain, Black* found it possible to effect extraordinary 
improvement in constancy of amplification and freedon 
from non-linearity. By employing this feedback principle 
amplifiers have been built and used whose gain varied less 
than 0.01 db with a change in plate voltage from 240 t 
260 volts. 





*Stabilized Feedback in Amplifiers, Proceedings American In 
stitute of Electrical Engineers, Jan. 1934, page 114. 
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It is far from a simple proposition to employ feedback in 
lis way because of the very special control required of 
hase shifts in the amplifier and feedback circuits, not only 
1roughout the useful frequency band but for a wide range 
frequencies above and below the band. Unless these 
elations are maintained, singing will occur, usually at 
requencies outside the useful range. Once having achieved 
design, however, in which proper phase relations are 
ecured, experience has demonstrated that the performance 
btained is perfectly reliable. 
The principle of the feedback amplifier is shown in Fig. 
58. Regeneration is introduced by superimposing upon the 
mplifier input a fraction B of the output voltage E, so 





EFFECTIVE INPUT 
VOLTAGE = €g + BE | ampciFi€R 
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FEEDBACK VOLTAGE 
BE 


Fig. 258. Diagram showing principle of negative feedback 


that the actual input to the amplifier consists of the signal 
voltage e. plus the feedback voltage BE. Since the output 
voltage E is necessarily A times the voltage actually applied 
to the amplifier input, E=A (e.+BE). 

Without attempting to present the mathematical proof, 
which is rather complex, it can be stated here that the 
feedback voltage B opposes the input voltage in phase. 
The product of the amplification factor A and the feedback 
voltage B is called the feedback factor and represents the 
amplitude of the voltage superposed upon e. compared 
with the actual voltage applied to the input terminals. 
Thus if AB=50, then for each millivolt existing between 
the input terminals, and, if the feedback is negative, a 
signal of 51 millivolts will be required to produce one 
millivolt at the input. 

If the feedback factor is large the effective amplification 
depends only upon the fraction B of the output voltage 
that is superposed upon the amplifier and is substantially 
independent of the gain actually produced by the amplifier 
itself. This remarkable behavior is a consequence of the 
fact that when the feedback is large the voltage actually 
applied to the amplifier input terminals represents a small 
difference between relatively large signal and feedback 
voltages. A moderate change in the amplification A there- 
fore produces a large change in the difference between 
signal and feedback voltages, thereby altering the actual 


input voltage in a manner that tends to correct for the | 


change in amplification. 

The importance of negative feedback can scarcely be 
over-emphasized. Before feedback was developed, the output 
of all electron-tube devices, more or less independent of 
circuit arrangement, was greatly affected by the plate and 
filament supply voltages. In some cases a 10% change in 
plate voltage would cause a 20% change in output even if 


the input remained constant. With the development of | 


feedback almost unlimited improvement in stability and 
regulation became possible. With many of the new feed- 
back circuits, variations of output with changes of plate or 
filament voltage are reduced to 10 or 20% of their former 
values, using simple and practical arrangements. With 
special precautions much greater improvement is possible. 
Indeed, a number of manufacturers have recently brought 
out electron-tube measuring instruments that are accurate 
within 1 or 2% when supplied from the ordinary 110-volt 


60-cycle system without regulating devices of any kind. | 


A few simple feedback circuits are shown in Fig. 259 but 
the principle is applicable to almost any type of amplifier 
circuit. 

Negative feedback also tends to reduce harmonic distor- 
tion arising in the plate circuit of the amplifier. This dis- 
tortion is present in the amplified output voltage, but not 
in the original signal voltage applied to the grid. The 
voltage fed back to the grid circuit contains the distor- 





DESIGNED AND 
BUILT FOR 
HIGH PRESSURES |; 


... Frimount 
tel? (-) ee Ome aT) oy 
Manometers 






_ experience and 
research which has con- 
tributed many “firsts” to the 
instrument field are built 
into the precision type 
Trimount Model 45 U-Tube 
Fixed Scale Manometer, 
specially designed to oper- 
ate under extreme pres- 
sures of from 100 to 750 
lbs. The easy-to-read alumi- 
num scale is available in 
ranges of from 24 to 100 
inches, and is calibrated in 
inches and tenths. All parts 
in contact with the indicat- 
ing fluid are of steel, stain- 





less steel, or brass. Check over the features 
listed below for additional reasons of 
Trimount superiority - 

eHeavy Wall Red Lined Pyrex Tube 


e Shatterproof Plate Glass Protec- 
tion Cover 


¢ Special Compression Gland Packing 
e Welded Steel Channel Construction 


¢ Mountings (Optional) 


Bench Front of Panel 
Wall Semi-Flush 
Back of Panel Flush 


Write for information on the Trimount line 


of manometers and electronic instruments. 


TRIMOUNT | 
COMPANY 


37 WEST VAN BUREN STREET, CHICAGO 5, ILLINOIS 
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R. S. GAUGE TESTER 








Dependable 
Portable @ Compact 


Accurately tests gauges up to 1,000 pounds. 
Particularly adapted to field work: also, for check- 
ing gauges while installed on a gauge board. 
Accurate results in testing are obtained, as careful 
calibration with Standard Tester is made on each 
instrument. 


Write for catalog of laboratory and 
testing instruments 


LABORATORY APPARATUS 
SCIENTIFIC INSTRUMENTS 
POWER PLANT EQUIPMENT 


THE REFINERY SUPPLY CO. 





62! E. 4th St e TULSA3,OKLA. e Ph. 4-8!144,L.D. 581 


Ph. Fairfax 5814 


4 Sizes ~/4 Dial Faces 


N\\ ee 


\ 2 | 
\ we 4 \\il \\UNL , 


DIAL INDICATORS 


In four sizes with fourteen different dial gradu- 
ations, indicating thousandths, half-thousandths 
or tenths of thousandths inches. 


Speedy, accurate, inexpensive and adaptable to 
various measuring and testing jobs. 


Write today for catalog. 


B.C"AMES CO., WALTHAM, MASS. 
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tion but in opposite phase to the distortion components 

the plate circuit, therefore, the two tend to cancel eac 
other. For similar reasons, the overall amplification is les 
dependent upon the value of load impedance used in th 
plate circuit; in fact, if a large amount of negative feed 
back is used in an amplifier it is even possible to substitut 
tubes of rather widely different characteristics withou 
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much effect on the overall performance. Both positive and 
negative feedback may be applied over several amplifier 
stages of an amplifier, rather than being applied directly 
from the plate circuit to the grid circuit of a single tube; 
this type of feedback is shown in the bottom diagram of 
Fig. 259. 

These remarks concerning regulation and control are 
introduced here to show how certain simple fundamentals 
serve to explain the difference between whole classes of 
application. If the fundamental difference between “control” 
and “regulation” is fully understood, it becomes unneces- 
sary to describe in detail all the various types of control 
and regulating devices. 

The aim of this book is not so much to make the reade1 
an expert in the use of tubes or to show him exactly how 
to meet any particular problem, as it is to make him 
conscious of the power of the electron tube and to indicate 
how it may prove useful. Each class of instruments de- 
scribed should suggest others. The development of elec- 
tronic devices and their application demands a certain 
amount of enthusiasm on the part of those who are in a 
position to authorize such development work and it is 
partly the purpose of this book to stimulate such en 
thusiasm. 

The material presented must be considered only as ar 
introduction to the subject of electron tubes. The treatment 
is in no way intended to be exhaustive. Its purpose is t 
stimulate further interest in the subject. What is said 
here is extremely simple. In its deeper phases, electronics 
can be extremely complex but reduced to its fundamentals 
the electron tube is a very simple device and its operatio1 
can readily be grasped by any intelligent person. 

THE END 
Important Announcement. 


The important series of articles by Andrew W. Krame) 
herewith concluded will be issued in book form in a month 
or so. A more detailed announcement will be made in the 
next issue—The Instruments Publishing Company. 
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LIFE-GIVING BLOOD! 


. . thanks to temperature control 






Plasma reduction units depend on THERMOSWITCHES 
for accurate regulation. 


THERMOSWITCHES shown by arrows in Laboratory 
Reduction Room. 


Write for catalogue and complete information... to 
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THE IDEAL 
MEGOHMMETER - | 
OHMMETER | 
FOR | 
PRODUCTION | 
TESTING 








ODEL fy id 
MEGOHMER 


TEST POTENTIAL 500 VOLTS DC 


Battery-Vibrator type requiring no tiresome hand-cranking of 
a generator; with spillproof built-in storage battery, recharge- 
able from either AC or DC line voltages. Portable, entirely 
self-contained. Direct reading in megohms and ohms; hand- 
calibrated meters with mirror scale for split hair accuracy. 
Guard circuit. Steady pointer indication. Rugged, highest 
quality construction. Ranges 0-200 megohms, or 0-100/0- 
1000 megohms with additional ohm scales. 


FOR FULL DETAILS WRITE FOR BULLETIN No. 445 


HERMAN H. 
@ 
COMPANY. inc. 
NEW YORK 7, N. ¥. 


27 PARK PLACE, 
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A Type and 
Size for 
Each Control Job 


- critical control 


TYPICAL UNITS — 


problems are being readily Fixed Lug 
and successfully solved with . " Dividohm "’ 
Ohmite Resistors. That's Wire Lead 
because the extensive range a | 
of Ohmite types and sizes Ferrule 
makes possible an almost Edison Base 
endless variety of regular Precision 
or special units to meet each Bracket 
Bent core sizes ran cae 
> core sizes range Tapped 


from 214” diameter by 20 


Cartridge 
Strip 


long to 5/16” diameter by 





1” long. Wide selection of 
stock units are available. 
These rugged resistors have proved their worth 
under toughest operating conditions, in every field 
of action. Ohmite engineers are glad to help on 
today’s and tomorrow’s control problems. 


Catalog and Engineering Manual No. 40 
Write on company letterhead for this com- 
plete, helpful guide on resistors, rheostats, 
tap switches, 





OHMITE MANUFACTURING COMPANY 
4887 Flournoy Street +* Chicago 44, U. S. A. 


Be Right wth OFIMITE 


RHEOSTATS ¢ RESISTORS ¢ TAP SWITCHES 
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Plug in 
METAL TUBE 
RESISTORS 


¥%& Clarostat pioneered the plug-in 
metal tube resistors found today in 
many compact AC-DC radio sets. 
These handy resistors serve as volt- 
age reducers and also as resistance 
networks for supplying a plurality 
of voltages. Clarostat also makes 
voltage regulator ballasts in perfor- 
ated metal cases, either as plug-ins 
or for permanent mounting. 


If you are seeking such handy, ac- 
curate, dependable resistors for 
your electronic or electrical assem- 
blies, please bear in mind _ that 
Clarostat means outstanding expe- 
rience, engineering and production 
facilities. 


% Consult Us... 


Send those resistance, control or allied 


problems to us for engineering collabora- 
tion, specifications, quotations. 





CLAROSTAT “77s 


> 


é 


CLAROSTAT MFG. CO., Inc. - 285-7 N. 6th St., Brooklyn, N. Y. 
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Coil and Scale Ratings 
Concluded from Page 79) 
reaching the best compromise between 

conflicting elements. 
VOLTAGE CONDITIONS 


The potential circuits of a-c. instru- 
ments are designed with a certain mar- 


| ginal allowance for intermittent over- 


voltage, or for high ambient temper- 
ature operating conditions. This mar- 
gin of safety should not be considerably 
reduced by cutting out resistance in 
efforts to change the ratings of existing 
instruments, without a careful analysis 
of the effect, or without trial. Different 
makes and types of wattmeters and 
voltmeters differ in these respects and 
what might be recent 


possible on a 


























l-o-n-g-e-r! 

















model of one make might be disastroi 
on an earlier type or on some othe 
make. It is of course safe to increas 
the voltage resistance as required, t 
increase the full-scale capacity, whe 
this would not cause the current coi 
to be overloaded. 

In general, requirements for possib] 
reduction in resistance values, to secur 
increased readings or reduce full-sca! 
capacity, should be referred for decisio 
to the manufacturer of the instrument 
In certain cases the problems may b 
met in one way or another; sometime 
moving coils of different values can b 
put in, but such extensive changes ha 
better be confined to the manufacturer’ 


shop, where specialized tool equipment 


is available. 

















Wear Resistant 
Non-Abrasive 





Non-Corrosive 


Non-Magnetic 








Extraordinary long range benefits accrue from PERMOPIVOT 
installation: Accurate performance of precision instruments— 


. . Ask for descriptive literature. 











PERMO, Incorporated 


Manufacturing Metallurgists 


6423 RAVENSWOOD AVE. - 





CHICAGO 26, ILLINOIS 
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‘eas 
her 
i Do you want 
sibl * ° » > 
= | in Making Moisture Tests 
cal % 
isio 
ent e. 2 
y be Accuracy is a prime factor in moisture testing . . . and the The oem 
ae | Steinlite one minute moisture tester is consistently accurate. It ss ce 
n be : : 5 é : Moisture Tester 
hac is built by a pioneer staff of radio engineers . . . operates on the 
rer’ i radio frequency impedance principle . . . and is calibrated 
aii against the official method for each product. The fact that 
more Steinlites are in use than all other makes of electrically 
operated moisture testers indicates that industry recognizes the 
accuracy of the Steinlite. 
It is neat, compact, light and portable. It is economical to 
operate . . . consuming no more electricity than a 40-watt 
bulb, It is successfully used on gun powder, cocoa, dehydrated 
foods, grain and a host of other products. 
ll Ask our Engineers to help solve your moisture testing problem. | 
644 BROOKS BUILDING rm) Reecaes | | 
CHICAGO 6, ILLINOIS BT | cieees cons sansel 
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CONTROL FOR POSTWAR 
BU PRODUCTS | 
tI. Imporlont Fo Measure Valuable 
Stored Liguits Cccihately, With ~ 


LIQUIDOMETER Zin ayo 


“THEYRE ALWAYS DEPENDABLE 





With the rush to catch the 


ue 100% automatic. =e earliest possible markets — 

: vii i sostwar products, it is important that they 

No pumps, valves, or auxiliary units needed Te citadel viii at Conk ee teeeeanl 

to read them. without undue dela . Manufacturers ¢ ro “icf 

: 4 4 ent requir g electri ‘ tr s will find 

> Models for either remote or direct readings. as ei 
Accuracy unaffected by specific gravity of readily available without “time-out” for s <7. 
designing. Let us send you bulletins describing fyi 


— tank liquid. 
7 Approved by Underwriters’ Laboratories for 


controls of interest to you 
j gauging hazardous liquids. WARD LEONARD 
@, Write for complete details 


RELAYS + RESISTORS * RHEOSTATS 
4 THE LIQU | DO mM ETER fore] 4 oe Electric control (WL) devices since 1892. 


36-27 SKILLMAN AVE. “LONG ISLAND CITY, N. Y. | WARD LEONARD ELECTRICCO. 
38 SOUTH ST., MOUNT wen” 


TY Pup 
RESISTORS 
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Boiler Meters 
Reduce fuel 
costs, lessen 
maintenance 
and outage, low- 
er standby costs, 
and add capac- 
ity. They indi- 
cate, record and 
integrate Steam 
Flow from the 
boiler, record 
Air Flow sup- 
plied for com- 
bustion and record Flue Gas Temperature. 


Bailey Boiler Meter 


Multi-Pointer Gages for indicating 
drafts, pressures, differentials are available 
with any number of pointers from one to 
twelve. They are actuated by sturdy yet 
sensitive diaphragm units. 





Multi-Pointer Gage 


Flow Meters. 
ing and integrating the flow of steam, feed 
water, compressed air and other fluids. 


Granular Material Meters 
For accurately measuring 
the flow of coal or other 
granular materials in 
gravity chutes from over- 
head bunkers. The total 
quantity of granular ma- 
terial is shown on a large 

* jlluminated counter which 
may be easily read at a 
distance of 50 feet. 


For indicating, record- 





Control Systems 
Make possible the every- 
day operation of equipment for steam 
generation and utilization at test eflicien- 
cies. They are applied to the control of 
combustion, feed water, superheat, de- 
superheat and other factors. 


Coal Meter 


Complete Information on any of the above Bailey 
products will be gladly furnished upon request. 
G-14 


BAILEY METER 


e COMPANY ° 





1041 Ivanhoe Rd., Cleveland, Ohio 


BAILEY METER COMPANY LTD., MONTREAL 
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In this department we report each month new devices for measurement, in- 
spection, testing, metering and automatic control—in the form of concise tech- 
nical descriptions. When writing to manufacturers directly, please mention this 
department. Or write to Information Section, Instruments Publishing Company. 





100-500-Mc. Oscillator 


New “Type 857-A” ultra-high-frequency 
oscillator covers a frequency range of 100 
to 500 megacycles. Designed for use as a 
power source for laboratory measurements, 
its maximum output is 4 watt or better 





over the entire frequency range. Frequency- 
determining element in this oscillator is a 
“butterfly,” a new type of high-frequency 


) 


tuned circuit developed by General Radio. 
In the butterfly, inductance and capaci- 
tance are varied simultaneously with a sin- 
gle control and no electrical contact to the 
moving element is necessary. Dial 
directly in frequency with an accuracy of 
1%. A slow-motion drive is provided. Out- 
put circuit is inductively coupled to the 
oscillator and output is controlled by varying 
the coupling. Output terminal is a coaxial 
jack. “Type 857-P1 Power Supply,” supplied 
with the oscillator, furnishes filament and 
plate power and operates from a 115- o1 
230-volt a-c. line, 42 to 60 cycles. An elec- 
tron-ray tube is used to indicate oscillation 
Oscillator is 6%” X°-75%”" XK 7%” overall 
and weighs 614 Ibs. Dimensions of power 
supply unit are 54%” XK 654” XK 754”, weight 
91%4 lbs.—General Radio Co., 275 Massa- 
chusetts Ave., Cambridge 39, Mass 


reads 


Mercury-vapor Detector 


New model of G.E. mercury-vapor detec- 
tor represents several refinements by com 
pany which has specialized in this field 
New instrument can perform quantitative 
measurements of concentrations around 
toxic limit (12 parts Hg vol. p. 107 air) to 


approx. accuracy whereas original nor 





indicating selenium-monosulphide model 1 
quired a _ skilled operator and 1935 S: 
nstrument (Jnstruments, March 1936, pa 
61) requires renewing treated paper. Ne 
detector is third in series of company’s d 
tectors employing resonance-radiation met 
od and its ultimate sensitivity is one ord 
of magnitude higher. First model (Inst 
ments, Nov. 1933, page 211) detec ted 1p 
108; second (Instruments, Feb. 1939, pa 
62) 1p.p.109; new model’s ultimate sen 
tivity is 101° and it measures at 5p.p.1 
which is ¢0.5% of toxic limit. Concentr 
tion of Hg is measured by an atomic (n 
electronic) phenomenon 
comprises an ultraviolet lamp and a phot 
tube, on opposite sides of an absorpti: 
chamber through which 0.25 to 0.5 c.f.m. 
Both lamp and tube ha 


measuring syste 


air is drawn. 
pectral curves with maxima near the 253 

A.u. principal Hg line, so that ordina 

un-ionized Hg atoms in continuous sam; 

of air absorb this monochromatic radiatior 
ind, even in low concentrations, redu 
phototube current measurably. By 
of a bridge circuit, drop in phototube cur 
rent is translated into an upscale readir 
on indicating instrument of detector, A 
important refinement over previous reso: 
ance-radiation models is that this new or 
is said to be “instantaneous” in its indic: 
tion. Special Products Dit General Flec 
tric Co., Schenectady, N. Y. 


meal 


Non-hunting Temperature 
Controller for Aircraft 
Applications, etc. 


New “Modutemp” is an automatic tem 
perature controller for aircraft oil coolers 
coolant radiators and heating systems. Its 
operating principle is described as a tem- 
perature gap formed by two electrical con 





tacts in a mercury thermostat which con 
trol individual relays. Contacts are set t 
meet temperature specifications and rans 
of individual requirements. When mercury 
falls below temperature gap, damper moto 
runs toward heat position and both relay 
apply electric heat to the thermostat t 
assist mercury to rise again into gap. Wher 
mercury enters gap motor operation stops 
ind heat from No. 1 relay cuts off, slowing 
down rise of mercury. Damper holds thi 
static position until mercury moves out 

temperature gap between the two contacts 
If mercury rises above gap damper mot 
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The high-to-low instrument testing 
on range of Bowser-built Testing Chambers 
Ip is considerably greater than can be ob- 
en tained with the highest practical actual 
it? flight plus the greatest submerging depth. 
This permits a tested and proved safety 








9 factor—a priceless asset. 





ha That’s one big reason why instrument 
at makers are turning more and more to 
Bowser-built Test and Calibration 








duc Chambers, which have demonstrated 
cur their efficiency and practicality time after 


time in actual operation. 


There are other big reasons, too. For 
tee instance, chamber testing is much less 
costly—no expensive personnel, motor 
fuel, etc. In fact, a Bowser Chamber 
costs probably less than testing a bomber 
one hour under actual flight conditions. 
Moreover, chamber testing is much 


quicker and immeasurably safer. 


Aggressive manufacturers are installing 
testing chambers. . . not relying on labo- 
ratories already burdened with research 
work. Write for complete information or, 
better still, our engineers will gladly con- 





sult with you. 










Not only has Bowser's wor produc 
tion earned the Army-Navy E. 
Bowser equipment has helped earn 
it for scores of other companies 






BOWSER, INC. 


n Mobile Refrigeration Division 
F 420 Lexington Avenue, New York 17, N. Y. 
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BUY WAR BONDS 


iis THE NAME THAT MEANS EXACT CONTROL oF tiquips 
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While some ordinary rectifiers 
require a period of “ageing,;’ 
under operating conditions, to 

. attain the stable characteristics 
. necessary for correct instrument 


applications, this is not true of the 
CONANT family of rectifiers. 


Mg CONANT rectifiers, when they reach 
you, have already “become of age,’ 
electrically. Part of the CONANT process 


is devoted to developing, by chemical 


Se ee re 


2 


means, the stable characteristics ordinarily 


Ga, 
~ 


secured by a time-consuming 


—_— 


“ageing” peniod. 


ee 


~ 


Yet, despite their “npe old age,’ you'll 


be amazed to find CONANT rectifiers surprisingly 


~ _ 
ets ee ae 


“spry”’ and ready to give you years of 


ee, 
” 


j reliable service. For your present needs or your 


postwal plans, you can COUNT ON CONANT 







GEnstiment Rectiflerw 


ELECTRICAL LABORATORIES 


6500 O STREET, LINCOLN 5, NEBRASKA, U.S. A. 


is important 














2017 Grond Ave., Kansas City, Mo 
7935 Eustis St., Dollas 18 Texas 
4018 Greer Ave., St. Louis, Mo 
1526 Ivy St., Denver, Colo 


20 Vesey St., New York 7, New York 
85 E. Gay St., Columbus, Ohio 
600 S. Michigan Ave., Chicago 5, lil 


1215 Harmon Pl., Minneapolis 3, Minn 


Caixa Postal 930, Sao Paulo, Brazil 
50 Yarmouth Rd., Toronto, Canada 
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4214 Country Club Dr.,Long Beach7,Ca 
4205 NE. 22nd Ave., Portland 11, Ore 


el t tinin heat on tl 
t t r I ul fall r 
I i} to} I ement, | 
t t “Modut ! er hunts, i 
t nd | t r ht (aircraft t 
‘ , ). System may be sI 
e \ 317 of 1 tors. W 
lr i yr pl t we! 1 1, “M 
} nt 1 opel , f 
x 1) I tl I T 
t ¢ tl ' if 
y t t I set 2 per ¢ 
é Va Hea 
( ]? I ( > 


Medium-gain Amplifiers 
w series mediur rain high-povw 


Ne 


bridgir plifier known as “101 Type 





any number may be bridged across buss¢ 

from 1 to 1000 ohms. Therefore, it is sai 

a complete amplification system of his 

quality and great flexibility is provided 
when used in conjunction with a program c 
line amplifier such as maker’s ‘102” seri 

All models in new “101” series will deliver 
50 watts to a nominal load impedance wit 
less than 3% r.m.s. harmonic distortion at 
400 cycles. Gain control provides contin 

ous adjustment over a 40-db range an 
bridging connections. Chassis are 16 gag 
welded steel, zinc-plated and bonderized 
Finish light gray baked enamel. Weight 
approx. 45 lbs.—The Langevin Co., Inc., 87 
West 65th Street, New York City. 


Concentration Controller 

New “Type P25N Electronic Concentrat 
Control” is for detecting and controlling 
through operation of signals, valves 
pumps, changes in liquid concentration; is 
designed for applications in which change 
in concentration are accompanied by corre 
sponding changes in electrical conductance 
Installation is said to be made quickly an 
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ily: probe fitting is mounted on tank 
ith probe extending into liquid) and is 
ed to control unit which may be located 
erever desired. An adjustment on control 
sing is set so that control relay will 
rate when liquid of a _ predetermined 
trical resistance contacts the probe: 


r 
naintain an interface between two liquids 
fering “‘even slightly in electrical 

tance, thereby making possible single or 
-level control of one liquid within a tank, 


n though another liquid may be above 
below it. New ‘“‘Type P25N” has a sensi- 
ity range of 100 to 5,000 ohms and oper- 

on a 5% change in probe-circuit re- 


tance. Predetermined resistance value for 
1ich control is set remains fixed regardless 
variations in line voltage or tube char- 
teristics. Voltage applied to the probe 
ver exceeds 25 volts, thereby eliminating 
y possibility of electrical shock or ex- 
sion hazard. “Type P25N” incorporates 
d-t. relay rated at 10 amps. a.c., 
ps. d.c., for normally-closed and normal- 
-open operation, and requires a supply of 
5-volt 60 cycle a.c.—Photoswitch Inc., 77 


oadway, Cambridge 42, Mass. 





Miniature Ammeter for Aircraft 
New miniature ammeter is said to do 
vith almost no sacrifice, in 1°4” square, 
hat previous 2144” and 3%” square instru- 





ents have done. It was originally designed 


for the B-29 Superfortress. Instrument 


veighs 4 oz., a saving of 79.1%, uses many 
ff the same parts as the larger one: moving 
lement is identical, other parts are smaller. 
Dial is 1.2” long instead of 1.8” for the 2%” 
nstrument—Westinghouse Elec. € Mfg. Co., 
last Pittsburgh, Pa. 


Signal Generator 


New “Model 704” signal generator is a 
ymplete wide-range instrument said to 
eet broad requirements of today’s testing 
with great accuracy and stability. Range 




















For Comparing Flux Density in Magnetic Fields 


@ Here is a modern and versatile electronic instrument 
for the comparison of flux density, in all types or 
shapes of permanent or electro magnets. The flux 
density is read on the indicating meter while the coil 
remains at a fixed point in the field. The device is 
static. The field strength is amplified so that a rugged 
meter may be used to insure dependability and 
accuracy. It is fast and very simple to operate. 

Weak magnets can be quickly and accurately classi- 
fied. Aging by vibration, counter-magnetic fields, tem- 
perature, variations in grain structure and hardness, 
etc., are readily shown on the Hickok Fluxmeter. 

By a suitable stationary exploring inductor, the 
Fluxmeter provides a rapid means of measurement on 
any assembled product. The field of a loud-speaker, 
the flux density in the air gap of assembled meters; 
and either disc or bar type magnets can be readily 
ascertained. Used to measure both A.C. and D.C. 
fields. Write for literature. 


THE HICKOK ELECTRICAL INSTRUMENT CO. 
10519 Dupont Avenue, Cleveland 8, Ohio 


PRECISION CALIBRATED « LASTING ACCURACY 
¢ 
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Ss from 95 kc to 100 Mec. Fundamer: 
frequencies are continuously-variable fr 


95 Ke. to 25 Me. in 5 bands. Calibrat ” 
is accurate to 2% per band up to bro nti 
cast band and within 3% for high-fr sp 
quency bands. Capacitor is planetary dr y 
with direct-reading calibration. Output « nt 
be modulated or unmodulated. Self-« ly 
tained modulation is either 400 cycles 

1,000 eyeles sine wave which modulat 

earrier, Either is available for external u 

Protective features are: automatic shorti ‘ 
of all coils not in use; individual shieldir N¢ 
if r-f. circuits, coil assembly and atten _ 
tor verall steel case, chassis and par d 
Five-step ladder attenuator is used for ec Bt 
trolling output. “Model 704” has a conve 

ent pilot-lamp on-off indicator and a doub 

fused line cord Instrument is availat 

complete, ready for us¢ Radio City P 

ucts CC 127 West 26th Street, New York 

v.02 


Weld and Sequence Timer 
New “Type CR7503-F170 weld and 
quence timer, for providing time and cu 
rent adjustments necessary for weldi: 
heavy sections of air-hardenable steels, 
especially designed for use with a G 


ignitron contactor and a heat control pan 








Wider use of 








Hays Combustion 2 

Control Instruments ; trum nt [| gz | 
ns ents Will spee rily 

ens 

= ssul 
up Industrial Progress ) na 
a «rt ‘ F e rf is = 

~ me * OLe 

Today the demands upon industry are legion. C) 6) CJ © Preci 

Tomorrow, they promise to be more numerous and ies casa ‘eerteceeus i ive 


WS OF fee Bee 


more exacting. To meet those demands and accel- meals’ : 
erate industrial progress requires an expanding use  @ ( 14 y: - Op 


of instruments ... instruments in production and 





° ° Ne 
plant operation ... not in the laboratory alone... ‘om] 
instruments that control... indicate ...test.. hem 
measure... or inspect. omp 

tions 


INSTRUMENTS ELIMINATE GUESSWORK ... by sup- 
plying vital information ... data... facts. 

INSTRUMENTS SAVE MANPOWER... by reducing 
the human effort required to perform innumerable 
operations. 

INSTRUMENTS IMPROVE QUALITY . .. in foods, 
chemicals, soaps and other products by providing 
precise measurement of ingredients. 





INSTRUMENTS REDUCE COSTS ... by promoting 





4 Seedburo-Steinlite economy in the use of fuel, by automatically con- 
men oe trolling timed operations, by quickly indicating the 
moisture content of grain, by showing the strength 
of plywood in process and by doing a hundred other but can also be used in combination wit 





things most G-I spot- welding controls utilizin 
ia ; phase-shift method of heat control. Cperat 
Farsighted is the executive who keeps abreast of ng from 230/460/575 volts, 60 cycles, un 









the most advanced use of instruments in his idjusts current and time for preheatin 

field... instruments which control, indicate, SOue ainens: ar caniee ie tor chillit 

test, measure or Inspect. weld nugget following weld and grain-ré juore 
finement period For variations in contr mn in 
voltage of +10% to 20%, consistency < akes 
timing will be within +0.5% of time settin: fk 


However, manufacturer recommends that 


? G-E curre nt-regulating compensator be ust ares 
with this combination to correct for vari nine 








tions in welding current caused by line vol : 
THE MAGAZINE OF MEASUREMENT AND CONTROL : on 
ige variation or introduction of magnet arts 
‘ : materials into throat of welding machine : 
THE INSTRUMENTS PUE IN MPANY WOLFENDALE STREET + PITTSBURGH, PA. S : gd : rat 
Unit consists of nine time intervals, sev a OR 
indepedendent heat adjusters, two pressur if vO 
is advertisement was prepared for INSTRUMENTS by Gebhardt and Brockson, Ine., interval timers, one squeeze timer, one hol lur 
hicago, advertising agency for Hays Corporation, Michigan City, Paragon Electric Com- timer, and provisions for a two-stage fo t 
’ , ’ ; 4 : : gly. ‘ese R sic stag + 
any, Chicago, Streeter-Amet Company, Chicago, Seedburo Equipment Company, Chicago. switch. all housed in a steel enclosure. CC are 
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| adjustments are on front of panel and 
h timer has a separate time adjustment 
1 an “in operation” indicating light. Heat 
ntrol knobs have large graduated dials. 
spite multiplicity of operations required 
ly six electron tubes are used.—IJndustrial 
ntrol Div., General Electric Co., Schenec- 


ly, NN. Y. 


Specimen Mounting Press 
New Semi-automatic Air-operated Speci- 
en Mounting Press is radically new 

design. Air is automatically set by a 
nstant-pressure reducing valve, eliminat 





ng hand-operated hydraulic jack custom- 
rily used to maintain pressure on speci- 
ens while curing. This feature is said to 


ssure uniform specimens identical in size 
ind hardness, improve polishing character- 
stics, and greatly reduce operator’s time. 
Note: Illustration shows upper part only.- 
Precision Scientific Co., 1750 N. Springfield 
ive., Chicago 47, Illinois. 


Optical Fluorescence Comparator 


New “Photovolt Optical Fluorescence 
‘Yomparator” is designed for quantitative 
hemical analysis by fluorescence, permits 
omparing intensity of fluorescence of solu- 
tions and determining concentration of 





luorescent substances. Specifically, it serves 
o indicate the place which an unknown 
akes in a series of standards (solutions 
f known concentrations). Sensitivity of 
neasurement is said to be so high that 
minute quantities can be reliably deter- 
nined. The instrument is simple in opera- 
on and does not comprise any delicate 
arts. It is suitable for use under any tem- 
erature and humidity conditions and can 
e operated from any power line regardless 
ff voltage and frequency fluctuations, Pro- 
edure for measuring concentration is simi- 
ur to that employed in visual color com- 
parators: fluorescent standards of known 


PORTABLE POWER PROBLEMS 





THIS MONTH—COMMERCIAL SOLVENTS CORPORATION PENICILLIN TEST 








LIFE-SAVING PENICILLIN salt solution is carefully tested by battery-powered pH meters 
before it is placed in vials by white-clad technicians at the modern Commercial Solvents 
Corporation plant. Throughoux the entire manufacturing process, rigid pH checks against 


excess acidity and alkalinity must be maintained while the penicillin is in solution. 








FOUR pH METERS, powered by Burgess Industrial Batteries, are employed by Commercial 
Solvents Corporation on a 24-hour a day basis to assure necessary, uniform product control. 
Burgess Industrial Batteries are built to meet specific requirements of test and control 
instruments. Whatever your portable power problem may be, Burgess engineers are 
equipped to find the answer. Write us today about your needs, or request free, 80-page 
Engineering Manual on dry batteries. Dept. 4. Burgess Battery Company, Freeport, III. 


BURGESS 
BATTERIES 


YOU TRAVEL! 







THINK TWICE BEFORE 
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entration are filled int i nd est permanentl luring operation; its heat is having 11 spaces for il 6 standards p! 
ire inserted, in order of increasing concer omparatively small. In addition, a power- spaces for unknowns. A 21-space racl t, | 
itior r li rack so that one space ful ventilating blower is automatically ivailable. Twelve selected vials, with | mS 
lef bet n each two. \ with the turned on when either incandescent lam) toms ground and polished, are furnis ne 
vn j nserted into the space between rr mercury-vap lamp is being used: lamps vith instrument. Additional vials are ay i 
tw tandard ind the three vials are innot burn without blower operating. A ible, Liquid volume to be filled into an 
i< ¢ htne if unknown is found irge, accurately-ground collimator provide vials is 5 ml rr more; actual quantity G 
not to be equal to one of standards and not parallel light beams of equal intensity not critical inasmuch as, with 5 ml. or n : 
their brightne through the three vial Bottoms of vial juid level is outside viewing field. Mode t. 
now! nserte int ire ground and polished to optical flatne “Model 50” is furnished with 500-watt are 
t repeat ntil the so that parallelis: f bear is maintained nde nt mp and with tl st 1 tak 
ther equal t ” f through the liquid. As a result of this care- primary filter for this 1 t source. It n 
between t Instrument ful optical design, non-fluorescent solutions equipped with an additional socket for t hic! 
r nple (blanks) appea perfectly black when mercury-vapor lam} ind with outlets a 
I b t ner e the ae iewed through eyepiece. Operator can, at connect vuxiliary transformer. Mer it, 
readir estir tir fractiona iny time, verify that exciting light is of lamp with transformer available as ac 
b sil et f tandards of the same intensity in all three fields: and sorie The primary filter recommended f ck 
ents. The itt ir ndes- f, for instance, lamp is not accurately ir nercury light is furnished together w cket 
turned on onl luring the tir focus, brightness of fields can be equalized mercury lamp and transformer. ‘Model Pre 
ent t yperated by by means of three knobs on front of instru- is provided with auxiliary transformer cas 
t in front of instrument. Th ment. These can be locked by set screws: re- mercury lamp built into instrument housi: 
ng lamp life nd minimizes heat idjusting necessary only after installing new It is furnished with incandescent lamp : 
The 1 vatt ercury lam} turned or lamp. Instrument is furnished with a rack mercury lamp, and with the two prima 
filters for the two light sources, For fluores 
cence tests requiring shorter exciting w Nev 
bands, special mercury lamps can be u , 
A LKe! 
such as low-pressure lamps with stro ed | 


emission at 253 mu or high-pressure lan 
without glass envelope having various en 
sion bands down to 240 mu. Special aux 
iary transformers are furnished with the 
lamps. For operation in medium and f 
ultraviolet, Comparator can be equipp 
with quartz lens, special deflecting mirr 
and special vials for low ultra-violet a 

| sorption.—Photovolt Corp., 95 Madison Av 
New York 16, N. Y. 





Low-Resistance Test Sets 
Two new Low-Resistance Test Sets 7 
“Type 645” (Army range) and “Type 6 
(Navy range) include all features of pre- 
vious models with the added convenien 
of complete portability and greater fre 
dom, ease, and speed of operation. Test ur 
containing indicator, batteries, switches 
control, etc. is supported in front of opera 
tor by means of adjustable shoulder straps 
Bond or contact resistance measurement 














| as low as 0.0001 ohm can be made by at Re 

taching the fixed clamp to one side of the _ 
bonded surface, then touching hardened B00 

points of “Pistol Grip Exploring Probe” té ae 
other side. It is said that both hands are 7 

free at all times to adjust and operate the Feria 

instrument. Weight of the pistol grip prob ati 

is minimized because indicator, batterie nadhin 
etc., are in cabinet. New sets are said t aie 

be unexcelled for testing railroad bonds areal 

radio equipment, contact resistance of re nawit 

lays, circuit breakers, switches, etc. The eoeree 

make bar-to-bar resistance measurements pear 
on commutators as simple as making Big 

| voltmeter. reading. “Type #645” (Arm) (RE 

range) is 0.005 and 0.5 ohm‘ full scale goo: 
“Type 653” (Navy range) is 0.003 and 0.3 § % ®P& 

| ohm full scale.—Shallcross Mfg. Co., Col rigs 
W ie . | lingdale, Pa. — 

e Cannot All Be Heroes and Win Jame | er Tae ay ble 

. i “pol diaph 
, but it takes a steady worker like RUBY, who dreams of gallant | Decimal pees Locator and eng 


ladies, as she graduates those fine lines on a waxed tube, so it | Slide Rule orre: 
will be accurate when used to test manufacturing processes of | New “Deci.Point” decimal point locato nitte 


war materials. | and slide rule will deterrsine the decimal dial. 
And i ‘ : ‘ | point mechanically in involved expression Press 
nd in your post-war plans, just remember, it will take the same | with results up to 19 places. It is said tha sign a 


steady skill to produce GOOD Thermometers that you will need | device so simplifies slide rule calculation etur! 
in your plant. that “persons with a very limited mathe ycor 


| 
s _ | matical background can evaluate and poir 
PALMER Thermometers will give you: 
1. Precision and Guaranteed Accuracy 
2. Sturdiness and Long Service 


3. A bright RED column .. . so easy to see with 
“Red-Reading-Mercury”’ 


FOUR READINGS WITH ONE 


Thi 
55, &§ 
y us 
equil 
nd s 
ave 
ttac! 
lash- 
late 
tand 
r bi 
rea 
ition 





Clip This Ad as a Reminder. (Catalog on Request) 
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ds problems containing cube root, square 
rac] t, log and trig factors.” Functional de- 
th | n of scale arrangements is said to give 
rn computor five advantages over “old 
yay e”’ slide rules: (1) Places decimal point 
ito h mechanical accuracy up to 19 places, 
itity Gives 30” scale accuracy for cube root. 
mn ) Gives 20” scale accuracy for square 
fode t. (4) Synchronized scales permit result, 
tt lare root, cube root, and log readings to 
nd b taken off one setting of hairline. (5) One 
ae ing of hairline of ‘‘Deci.Point Locator” 
ror { hich in be used with any slide rule) 
~ » dete ! lecimal point location of re- 
erc it, square root, ind ube root, up to 19 
To Device is 11” lon; 2” wide, %” 
led f ck: comes complete in box with coat- 
_ ket carrying case and instruction manual. 
le] Pickett & Eckel, 53 W. Jackson Blwd., 
¢ cage 4, Illinois 
usir 
ip a Pneumatic-gaging-system 
1m = 4 
vor Indicator 
WW New high-speed indicator is for use with 
ee ker’s pneumatic comparator gages ap- 
halts ied to dimensional inspection to tolerances 
lar 0.0001” or les Precision gaging at rates 
en 
aux 
th 
d f 
lI py 
irr 
ta 
At | 
Sets 
652 
pre 
lien 
frec 1} 
5 az j 
tche 
pera 
raps | 
nent | 
y at 
f th 
lene f 600 to 1000 pieces 
‘ the r hour is said to 
oe e accomplished | 
ove through the use of 
ai ew high-speed in- 
dt icator, and new ad- 
mad antages in shock- 
5a roof performance, 
The positive action, and 
ents eS ee ae Ge eat ae a rage | For quality selector switches—try Shallcross! 
iesign. ndicators lave yeen subjecte te] 2 Z 
oe ~ many as 2,500,000 gagings without devi- yao ramon Dozens of standard designs are available 
eats ation in the reading. New indicator utilizes PRECIS —and each of these is subject to many varia- 
0.8 i special wide sourdon tube said to develop PRODUCTS ; ase ae ; 
Col — ~~ to five times omg eee — tions to suit individual requirements. 
than indicators previously available. e- , : 
ian elaine Oak taenn out a ee: Agen Calvan So Shallcross Selector Switches are the logical 
ble diaphragm seal. All cavities above Ratio Boxes outgrowth of our own need for dependable 
diaphragm, including interior of wide Bour- : ; : : 
ion tube, are liquid-filled. Air pressures that Wheatstone Bridges high-quality units for exacting Shallcross 
orrespond to sizes of workpieces are trans- a eine ° ° P 
ato mitted through diaphragm, and indicate on wey . electrical measuring devices and other 
ma! lial. Construction is suitable for gaging equipment. You'll find them unexcelled for 
ion pressures as high as 35 to 40 Ibs./in.2. De- Low-Resistance : ; 
tha sign also provides a pneumatically-cushioned Test Sets use wherever the call is for switches of 
[ eturn action.—Moore Products Co., H € — 
“a Lycoming Streets, Philadelphia 24, Pa. Milli-ohm-meters assured better performance. 
oir . aes Decade Resistance WRITE FOR CATALOG 
High-voltage Ceramic — Although Shallcross Selector Switches are pro- 
Capacitors Megohmmeters duced in an almost infinite number of types, 
Three new types of capacitors, “CRL and many more you ll find our data sheets a worthwhile 
55, 854, and 853,” are said to be particular- guide. Ask for Switch Bulletin C-1, and C-2. 
useful in high-frequency power circuits 
equiring a small capacitance of low loss 
nd stable retrack characteristics. All units 
ave double-cup design to simplify positive Su | 
ttachment of terminal and give maximum ~ A L L C R @) 5 Ss M F G C @) 
lash-over distance between terminals. a2 i 
‘lates are pure silver fixed to the ceramic ENGINEERING - DESIGNING « MANUFACTURING | 
tandard terminals are silver-plated brass | 
YT r bronze. Capacitance is determined by | 
rea and thickness of ceramic center par- | Dept. 1S-25, Collingdale, Pa. 
ition or bottom of cups and by dielectric | ‘ 4 
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AGASTAT 


ELECTRO-PNEUMATIC RELAY 











FOR DIVERSITY IN TIME DELAY APPLICATIONS i 


ELIZABETH AGA NEWJERSEY 


AMERICAN GAS ACCUMULATOR COMPANY 








HARDNESS 
TESTING... 


done WITH NO MENTAL 
HAZARDS. The SCLERO- 
SCOPE has done it for the 
past 36 years. 


In general use for 
specification pur- 
poses. Simple, 
sturdy. Compara- 
tively inexpensive. 


Illustrated 
bulletins 
free. 





The Shore Instrument 
& Mfg. Co., Inc. 


9025 Van Wyck Ave., Jamaica, N. Y. 
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WHEATSTONE BRIDGE 





Rubicon Wheatstone and Kelvin Bridges 
are available in a number of types to suit 
various applications. All are made in 
accordance with the highest traditions of 
the instrument maker’s art and are fully 
guaranteed. 


Described in Bulletin 100 which also lists 
National Bureau of Standards and other 
standards of resistance. 


Copies available on request. 


RUBICON COMPANY 


Electrical Instrument Makers 


Ridge Ave. at 35th St. Philadelphia 32, Pa. 





constant of the ceramic. “NPO” units | 
zero temperature coefficient and mainta 
constant capacitance with tempera 
change. Dielectric constant of this cer 


body is approx, 40. ‘‘N750” units have a 
form retraceable change with temper 
f 0.00075 mmf/mmf/°C. This ceramic 
a dielectric constant of 90 and thus 
vide more than double the capacit 


possible with an “NPO” bedy of the s 


size. New capacitors are available with a 
screw style nd axial lead terminal 
Centralab D of Globe-Union, Inc., 
wauke V 


Illuminated Magnifier 


Model C Magni-Ray” illumin 


nifler | s been developed for inspe« 
rk where it necessary to observe 
wide field It is encased in alumir 

1] 


carrying it 





undistorted view. Housing is fastened to 1 
upright by means of a universal clampir 
device. Triangular 12” x 12” Le” b 
is of cast iron. “Model C Magni-Ray” 
equipped with two 4” 25-watt tubular bull 
so silvered so that all light illuminat 
work; is wired for use on 110-volt a-c 

d-c. supply.—George Scherr Co., 200 L 
fayette St., New York 12, N. Y. 


Photoelectric-type Piston-ring 


Trueness and Gap Gage 


New “Electronic Piston Ring Inspect: 
automatically inspects trueness of periphe 


and width of gap of a specific size of pistor 


ring. Ring to be checked is inserted ins 
a master ring of correct dimensional qual 








to 1 


mping 


y ae 


ay” 


A-C. 


ecto 
iphe 


ins 
jual 


bull 
linates 


pistor 


] 





ch is placed on instrument table and 
ited by a power-driven roller. Gaging 
tions are performed by scanning beams 
light directed onto photocells. One beam 
ight is projected on periphery of piston 
x, so that any out-of-round condition of 
piston ring will permit part of light 
m to fall on photocell. This cell actuates 
ed rejection signal if piston ring is out- 
round beyond an acceptable point. Should 
phery be within tolerance limits, a green 
il will flash on at end of one complete 
olution if width of gap is also within 
rance, or a yellow signal will flash if 
is undersize (Beam of light is inter- 
ted by a mechanical shutter arrangement 
n gap is passing this point.) Another 
im of light scans width of gap, photocell 
ng set to actuate a yellow signal should 
» be under-size. A third beam of light 
ergizes another photocell set to flash red 
ection signal should width of gap be over- 
Master piston rings of known dimen- 
nal quality are used in adjusting instru- 
nt for desired tolerances. Instrument can 
adapted to various nominal sizes, gaps 
varying width, and also for variations on 
owable out-of-roundness of periphery. It 
claimed that trueness of periphery can 
determined within a tolerance of 0.0001”. 
spection cycle per piece is less than 5 
-onds; production rate is determined by 
speed at which rings are presented to gage. 
The Sheffield Corporation, Dayton 1, Ohio. 


a 





Aircraft Spark Plug Test Stana 
New “Model A660” stand for servicing 
and testing aviation spark plugs is made 
tdo models. ‘‘Model A660W” is equipped 
ith one “BG M-591" Wheatstone bridge 





type spark plug tester with bomb and reg- 
lator; one electrode adjusting tool; motor 
for cleaning mica type plugs; heavy duty 
ise. ‘“‘Model A660M” is equipped with one 
BG M-519" Test Bomb with magneto and 
three-point gap panel; one “BG M-402” 


electrode adjusting tool; motor for cleaning 


mica plugs; heavy duty vise. Dimensions: 
10” long, 28” wide, 40” high, table top 34” 
high. Weight: approx. 295 lbs. — Airplane 
Mfg. & Supply Corp., Mfg. Div., 6853 Lan- 
kershim Blivd., North Hollywood, Calif. 
[Corp. requests that inquiries be addressed 
to H. H. Mabery, Jr., by name.] 


Amplifiers 


New “102 Series” amplifiers with mount- 
ing accessories meet frequency modulation 
requirements as to frequency response, 
power output versus distortion, and noise 














GAERTNER 
SPECTROMETER 





L101 


A rugged versatile instrument used by industrial labora- 
tories for rapid qualitative determination of compounds, 
checking of prisms, index of refraction, dispersion, resolv- 
ing power as well as other fields of investigation utilizing 
the various accessories which include polarizing and camera 
attachments, diffraction gratings, Babinet Compensator and 


others. 


This instrument incorporates many features found 
only in the more expensive spectrometers, 


Readings can be made to 1 minute; the telescope and col- 
limator have objectives of 25mm aperture and 160mm f.1. 
The telescope is provided with rack and pinion focusing and 
10X Gauss Eyepiece; a bilateral slit with stainless steel 
jaws 10mm long is provided with the collimator. 


Prompt delivery with suitable priority 


SCIENTIFIC CORP. 


1211 Wrightwood Ave., Chicago 14, U.S.A. 


THE GAERTNER 





The ONLY handbook of its kind 
MAINTENANCE AND SERVICING 
OF ELECTRICAL INSTRUMENTS 


By JAMES SPENCER, in charge of Instrument and Relay Dep't, 
Westinghouse Elec. @ Mfg. Co., Newark, N. J. 


Sxoutp be of great value to all those 
whose problem is to keep in operation 
the electrical instruments on vital war pro 
duction as well as on war equipment. 
Cloth, xii + 256 pages, 5 X 814 inches, 
274 illustrations. 
Price, $2.00 postpaid 


Check, money order of cash must accompany erder. 


Reprints available 








INSTRUMENTS PUBLISHING Co., 


1117 Wolfendale Se., Pittsburgh 12, Pa 


Enclosed is $ for 
copies of Maintenance and Servicing of 
Electrical Instruments (at $2.00 cach). 


Name 
Address. 
City . 


¢ 
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level. They consist of “Type 102-A,” w fs 


input impedances of 30/250; output j in 

edance 600 ohms frequency respc ch 

30/16000 c.p.s.—0.5 db. “Type 102-B” ji Ww! 

three-stage amplifier with a gain of 95 eel 

It employs input stage electronic mix ne! 

and is intended for high-grade public "=8C 

Cem ma = ; dress installations. “Type 102-C” consi il] 
i a - ' of a three-stage amplifier, fixed gain, dg 
; justable, 75/85/95 db. “Type 102-D” is 1¢ 

two-stage amplifier with input impedance ll 

600 ohms and bridging; fixed gain f 30 

ohms; input 61 D.B.; bridging input ver 

db.—The Langevin Co., Inc., of 37 W Lise 


65th St., New York City. 


Force or Displacement Pick-up Ne 
New “Statham Dynamometer - Stra: a 


Gage” is designed for measuring minu 
forces or displacements where only a slig 
movement is permissible. It is said to 





e 4 
i 


SQUARE-WAVE GENERATOR 


This unit offers a simple, time-saving, visual picture of performance 
at the fundamental frequency and at all the significant harmonics 
contained in a square wave. A single measurement can give as much 
information as a laboriously plotted point-by-point sine-wave curve 
: with the further advantage that it is instantaneous. The G-E square 
wave generator is an indispensable instrument in the fields of radio, 
television and communications engineering and manufacturing. Write: 
Electronics Department, General Electric, Schenectady 5, N.Y. ' highly adaptable: as a strain gage its basic 
i range of 0.0015” (total 0.003’) may b 


Electronic Measuring Instruments modified by suitable lever arrangement: 
and it is capable of measuring forces wu; 


| to 16 oz. Since it operates electrically, it 
I GENERAL ELEC i RIC can be installed to give remote indications 








f 164-D2 or recordings. For these remote-recordir 
\ q F : applications its accuracy is 1%. Its natural 
X > a? frequency is 1090 c.p.s. Basic unit, in mod 
ae e6 ee fied forms, can be incorporated into pres- 
se : tee ie sure gages and accelerometers. It is not trica 
affected by moderate vibration or climat! naut 
conditions and can therefore be used under mak 
almost all ordinary conditions of service or fi 
Weignt of unit is 3144 oz.—Statham Labor- instr 
0 U N C atories, 8222 Beverly Boulevard, Los Ange nit. 
N N ‘Vo les 36, Calif. ing § 
A — oe tion 


RAWSON Blectsted Ratio Mesce — 


H Electrical ratio meter has been made ex Im«¢ 
Electrostatic Voltmeters clusively for Army and Navy. This is its batt 





first announcement permitted by military “an 
forces. Princip: se has been as resistance: scale 
Type 518 c ncipal use, has een s resi tanc : 
thermometer for aircraft; application t simp 
other uses is in process of development tion 
Mechanism is of polarized-vane crossed Tho 
| «> a 





x 
* Ni 
| | = anak 
* j ion 
. Unit 
GARCEAU CHRONOGRAPH . 
‘ons 
Eleven Recording Channels oe ae ng, 
Tig, A.C. or D.C. nett 
One Timing Channel ack: 
; Chae ; Measure true R.M.S. values on A.C. R sacle 
Through an inertialess electrical record- No waveform or frequency errors. : 


ing system, this Garceau Chronograph 


: : Leakage resistance greater than 
provides means of measuring without 


one million: megohms 








error the length of time an electric cur- 4 
rent flows. Tape can be withdrawn manu- No power consumption oy 
ally, to allow inspection of recent records, Very small capacity current on A.C. 

with provision for independently actuated D ‘ 
electrical re-wind of used tape. Available in ranges from 1000 volts : 


to over 20,000 volts full scale. Rugged, 


Tape speed is 20 centimeters per sec- 
well-damped movement. 


ond. Timing channel prints a row of dots 
spaced at 1/60 second intervals. Accuracy better than 1% 


ELECTRO-MEDICAL LABORATORY, inc. | RAWSON ELECTRICAL 
Holliston, Massachusetts, U. S. A. INSTRUMENT COMPANY : 


Makers of the Garceau Electroencepbalograph 112 POTTER ST., CAMBRIDGE 42, MASS. A—moving magnet; B—actuating coils; 
C—damping housing ; D—magnetic shield. . 
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design, and permits elimination of hair- 
ings. Construction is exceptionally rugged. 
chanism may be adapted to any service 
which it is desired to indicate ratio be- 
een values of two currents or voltages. 
here it is desired to have pointer swing 
"-scale when instrument is de-energized, a 
ill pull-off magnet is attached to upper 
dge for this purpose. Coil resistances up 
1000 ohms are feasible and instrument 
ll operate dependably at currents down 
300 microamperes. Scale span ordinarily 
vers 120°.—IJnstrument Div., Thomas A. 
lison, Inc., West Orange, N. J. 





Aircraft Thermometer 
New electrical thermometer indicator for 
reraft indicates temperature of oil, cool- 
it, carburetor air, carburetor mixture, or 
ee air. It is also being adapted to elec- 





trical pressure indication and other aero- 
nautical uses. Light weight and small size 
make it possible to incorporate two, three 
or four movements in a standard aircraft 
instrument case. Illustration shows a dual 
unit. Both movements are of ratio type us- 
ing a small moving permanent magnet, posi- 
tion of which is governed by currents in 
sets of stationary coils, as described in 
preceding item. Instrument is said to be 
ilmost unaffected by normal variations of 
battery voltage and, when de-energized, 
‘an be arranged to swing off lower end of 
scale. A small built-in rheostat provides a 
simple and convenient means of recalibra- 
tion after overhaul. — Instrument Div., 
Thomas A. Edison, Inc., West Orange, N. J. 


indexing intaae for 


Hardenability Test 


New Indexing Fixture for Jominy Hard- 


enability Bars was developed in co-opera- 


tion with J. T, Fergusson of the Notre Dame 
University, mounts readily on either Clark 
yr Wilson Hardness Testing Machine. It 
‘onsists mainly of a heavy rigid base cast- 
ing, indexing serew and a quick-return 
nechanism. Plug which supports fixture in 
hardness tester is hardened and ground 





ee Lp UR y Mg Wy bye hae 7 











. Ingenious New 


Technical Methods | - 


Presented in the hope that they will 
prove interesting and useful to you. 

















New Electroaire Power Unit Converts 
Standard Drill Press to Automatic 


This exact control over feed and retraction speeds 
permits ready conversion of a standard drill press 
with tapping head into an automatic tapping ma- 
chine, capable of producing Class III threads, even 
with comparatively unskilled operators. By adjust- 
ing speed to conform to the lead pitch of the threads 
being tapped, the tap will cut without forcing threads, a | 
and on the reverse the tap will actually “float” out of ee =| =| 
the part with no strain against the thread angle. et  )} 














Air-powered jigs and fixtures can be opened, closed, 
and indexed by the Electroaire Power Feed. The unit 
can be set for a pre-determined number of cycles so 
that multiple holes can be drilled in the same piece 
without ejection, by means of an indexing fixture 





controlled and synchronized by the Electroaire Unit. 
One operator can run as many as two or three drill SS 
presses, turning out top-quality work with few rejects 
and with a minimum of tool breakage, thus effecting 
a great savings in time. 


Present stockpiles of finest quality materials used B= 
in the manufacture of Wrigley’s Spearmint chewing 
gum are now exhausted—necessitating discontinu- 
ance of production. When a supply of proven mate- 
rials—known to be up to the finest standards of 
quality—is again available, Wrigley’s will resume 
production—And Wrigley’s Spearmint will be back 














to again help you on your job. In the meantime they 
é a facturing a war brand. Wholesome but ; . 
relies un gets : Shows holes being drilled 


not excellent enough for the Wrigley brand name. : 
automatically 


You can get complete information from Electrolin: Manufac- 
‘uring Company, 1975 East 61st Street, Cleveland 3, Ohio Z-55 


To the Engineer, Physicist 
or Chemist Who Seeks 
A PERMANENT JOB 


i YOU are an engineer, physicist, or chemist now working for a company 
whose war contracts are terminating there may be a permanent job for 
you with one of the leading instrument manufacturers. Most of these com- 
panies are still working full time on war work. As soon as their war con- 
tracts are completed, postwar projects will be ready for action with plenty 
of opportunity for creative development work. Interested? Write Employ- 
ment Service, Instruments Publishing Company, 1117 Wolfendale St., Pitts- 
burgh 12, Pa., giving complete professional and personal data. U.S.E.S. 
consent and release statement will be required. 


Ibis is wot the advertisement of any manufacturer but a notice from The Instruments P. 
Company a3 4 service te its readers. Names will be made available to prospective employers, There 
will be no charge to applicants or te prospective employers. e 
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Illustration approximately 


one-half size 


Specifications 


Range: 
Force * 1 pound 
Displacement = .0015 inch 


Power requirement: 9 volts at 
50 milliamperes D. C. 


Output: Sufficient for a panel 
microammeter or recording 
oscillograph 


Natural frequency: 1000 cycles 
per second 


Weight: 3% ounces 


“22 Beverly Boulevard 





A Ne” Miniature Electric Indicating 


Dynamometer-Strain Gage 


@ @ @ for measuring minute forces up 


to 1 pound or displacements up 


to .003 inch without amplifica- 
tion or elaborate power supply. 


ew Statham Dynamometer-Strain Gage is 
a highly adaptable instrument for measuring minute 
forces or displacements where only a slight move- 
ment is permissible. 

As a Dynamometer it measures forces up to one 
pound with a displacement of .0015 inches. Larger 
or smaller forces can be measured by providing 
special mountings. As a Strain Gace its basic range 
of + .0015 inches may be modified by suitable 
lever arrangements. 

As the Statham Dynamometer-Strain Gage operates 
electrically, it can be installed to give remote indi 
cations or recordings with an accuracy of 1%. 

This instrument, in modified forms, has been incor 
porated into pressure gages and accelerometers. It 
is not affected by moderate vibration or climatic 
conditions, and can therefore be used under almost 
all ordinary conditions of service. 

Tell us your problem and let us show how this 


unit can serve your needs. 


STATHAM LABORATORIES 


Los Angeles 36, California 


Designers and Manufacturers of Scientific Instruments 
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Amthor 





STATIONARY 
TACHOMETERS 


CENTRIFUGAL TYPE 


Indicating R.P.M., F.P.M., ete. 
Belt, Sprocket, or Flexible 
shaft drives 


Models available for practically 
every requirement. 


Immediste and Intelligent attention will 
be given to your Inquiries on all industriel 
speed measurement problems. Drop us a 
line today. 


Amthor Testing Instrument Co., Inc. 
#a Van Sinderen Ave. Brooklyn, N. Y. 











tool steel, projects upwards through ba 
casting, and forms surface against whi 
diamond point presses against the Jomi 
bar. Screw operating carriage back a 
forth is stainless steel and turned by mea 
of a brass chrome-plated hand wheel 
bronze half-nut is fastened to a quick-r 


lease lever engaging the screw. When t 
bar has reached the end of its travel, h 
nut is released and entire carriage sl 
} . to nev tartir p tion 
ij istabl p l at ill pro les 
| startir point on test bar A spr 
I nee holds test b nto position 
r igh f edom f bar t t fir 
on hardened steel stud. Finished in b 
Kem-Resist, with plated parts finished 
chrome.—Precision Scientific Co., 1750 
Springfield Ave., Chicago 47, Illinois. 


Thermoscopic Materials 


Announcement is made of availability 
“Tempil°” products for wider range of ter 


peratures: from 125°F, to 1600°F. All a 
terized by “sharp and rapid meltir 


charac 





action” at a given temperature. Three form 


are available (1) “Tempilstik®” in 25 
intervals to 350°F. and in 50° intervals tc 
900°F.; (2) “Tempil°” pellets and (3) 


“Tempilaq®” both in 25°F. — Tempil’ 
Corp., 182 West 22nd St., New York 11 
A 


4000-volt Dielectric Test Set 

New “Model 1031-R” Dielectric Test Set 
is particularly applicable to flash an 
breakdown testing of capacitors, is provided 
with a built-in high-voltage cut-off relay 
which operates in conjunction with a re 
mote-control switch to apply test potential! 
only while the remote switch is closed. Ad- 
ditional feature is provision for automati- 
eally discharging capacitive test specimens 
through a bleeder resistor when the remote 
switch is released. New test set delivers ur 
to 4000 volts d-c., continuously adjustable 
by means of a primary Variac. An output 
indicator shows voltage being applied to the 
specimen.—Technical Apparatus Co., 1171 
Tremont St., Boston, Mass. 





Granite Surface Plates 


New “Velsey” surface plates are made of 
“black diamond granite” which cannot be 
warped or otherwise distorted by any con- 
ditions to which a surface plate is sub- 
jected. Plates are lapped in series to a 
tolerance of 0.00005” surface flatness. Ma- 
terial is harder than tool steel ; consequently 
cannot be scratched by instruments, Even 
if nicked by a heavy blow, adjacent material 
would not be upset, it is said. Material does 
not corrode, oxidize, abrade, or warp. Be- 
cause black granite is obtainable in great 











(33 N 


vite 





an 
ided 


slay 


re- 
tial 
Ad- 
ati- 

















PRG 





of lumber checked in 
THREE SECONDS 


At the press of a button, Mois- 
ture Register detects and meas- 
ures moisture by the use of 
electronics. 


Calibrated with a direct per- 
centage reading dial, with a 
range from zero to 25 per cent. 
Completely portable and self- 
contained. Anyone can oper- 
ate it. 





MOISTURE CONTENT | 


Write Dept. | today for complete Information. | 


MOISTURE REGISTER CO, 


133 N. GARFIELD AVENUE, ALHAMBRA, CALIF. 





INSTRUMENT 
LATHES and 


ATTACHMENTS 


Immediate 
Delivery 


Me ps 


J 


4” Swing 


%” Bar Capacity 9” Bed 


PLEASE WRITE FOR 

FREE INSTRUMENT 

LATHE AND TOOL 
CATALOG 


220 West Fifth St., Los Angeles (3, Cal. 


PRECISION INSTRUMENT EQUIPMENT— 
TOOLS AND SUPPLIES 












INSTRUMENTS FOR INDUSTRY 


Weksler Thermometers! 








Recording Thermometers (one or 
multiple pen) are in a sturdy, cast 
aluminum case. Chart size; 10" or 
12". Hand wound or electric clock. 
Mercury or vapor actuated. 


Glass Precision Thermometers, 
Hydrometers, Psychrometers and 
Hygrometers in various scales, for | 
many definite uses. 


SEND FOR CATALOGUES! 


INSTRUMENTS are playing an important role in today's tre- 
mendous industrial development—especially where complicated 
physical or chemical processes are involved. We are proud that 
WEKSLER instruments—because of their known rugged con- 
struction and lasting accuracy—have been chosen for so many 
of these industrial applications. There is a WEKSLER instrument 
for every industrial need! 


Industrial Type Thermometers have 
a "V" shape bronze case, remov- 
able glass front, red reading or 
yellow back tube, and may be had 
with any desired stem. 


Dial Indicating Thermometers in a 
phenol condensate case, with a 
417,", 6” or 8!/2” dial, are mer- 
cury, vapor or gas actuated. 


— @ ~~ 4 


WEKSLER THERMOMETER ‘CORP. 
52-56 West Houston Street 
NEW YORK 12, NEW YORK 





To the Instrument Man With IDEAS 


rr. you have designs or patents 
for post-war production and 
sales, the Post-War Product 
Service of The Instruments Pub- 
lishing Company will gladly put 
you in touch with interested 
companies manufacturing instru- 
ments and devices for measure- 


ment, inspection, testing and 
control. 

Write to Post-War Products 
Service, Instruments Publishing 
Company, Pittsburgh 12, Penna., 
giving a brief description of your 
idea, so that this Service may 
refer it to the interested com- 
panies. 


This is not the advertisement of any manufacturer or group of manu- 
facturers, but a notice from The Instruments Publishing Company as a 
service to its subscribers and advertisers. There will be NO CHARGE 


to the engineer offering the idea or to the com 


y receiving the leads. 


February 1945—Instruments—Page 131 











mors. ANYWHERE? 


BASTIAN’S 


INDUSTRIAL PARTS 









Cc 


. 


BASTIAN 
BROS. CO. 


Serving the trade since 1895 


Rochester, N. Y. 


-— 
Lip 
— 








BURLING 


TEMPERATURE 
LIMIT SWITCHES 





USE NO LIQUIDS... NO GASES 






MODEL H 


with Manual Reset Button 


Available with switch normally closed for 
cutting off heat, stopping fan, closing valve 
—with switch normally open for lighting 
lamp or ringing bell—with single pole 
double throw switch . breaks heating circuit 
while closing alarm circuit. Sturdy, fool-proof 
reset button operates from outside case. Range 
0-1400° F; adjustable range 200-300° F. Di- 
mensions: 544” x 134” x 3”. Dial Pointer for 
easy setting 


INSTRUMENTS ALSO BUILT TO SPECIFICATIONS 


Send for Informative Bulletin 


BURLING INSTRUMENT CO, 


251C Springfield Ave. 
Newark. N. J. 
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dial, radio or parking meter 
PARTS in plastic or metal have what it takes to fill 
the bill. Plastic parts can be printed in any number 


of colors 


APPLICABLE TO ALL TYPES OF PRODUCTS 


Whether a stove, refrigerator, an aircraft computor 


Bastian’s INDUSTRIAL 


metal, in any 


desired finish. 


Just clip the coupon be- 
low, fill in and mail to 
us, we'll send free book- 









let, prices and samples 
by return mail, 


NAME 

TITLE = 
COMPANY_ 
CITY 











Post. War 
Clock Movements 


by 


CHELSEA 


Our production of special clock 
movements and clockwork mechan- 
isms for recording Instruments must 
wait until this war is won. Meanwhile, 
we would welcome the opportunity 
of working with you in developing 
your post-war designs. 

Remember, Chelsea has been mak- 
ing special movements for recording 


instruments for many years. 


a Buy 
Lei Another Bond 


Today 


CHELSEA 
CLOCK COMPANY 


385 EVERETT AVE., CHELSEA 50, MASS. 











blocks, surface plates can be fabricat 
from it in largest practicable dimensior 
Regular sizes of Velsey Surface Plates a 
12” < 28", 18" x 24° and 24” x 36”. Bx 
ial sizes are made to order.—State Mfg 
Construction Co., Franklin, Ohio. 


f 


Redesigned Built-in Thermosta 


‘add 


New design feature on “SK” thermostais 
and thermal timers permits more positiv 
closer and quicker adjustments. Previous 
a lock nut was used for locking the adjust- 
ment screw. It was necessary to use 
screw driver in one hand and a wrench 
the other. In new design, lock nut is not 
necessary : adjustment screw passes throug 
two collinear tapped holes on a _ U-ber 
bracket. U bend of bracket imparts a stror 
spring action on thread of adjustment ar 
prevents its turning by any but manu 
means. It affords closer adjustment, lock 
the screw more conveniently than a lock 
nut and insures against loosening due 
vibration.—George Ulanet Co., 88 East Kin 
ney St., Newark i, N. J. 


Electric-contact Type Control 
Feature for Recorders 


New electric-contact control mechanisms 
ure introduced as a part of circular-chart 
‘Electronik” potentiometer (see Instru- 
ments, July 1941, page 204). This recorder 
operates on continuous balance principl 
By utilizing the same motion which re 
balances the measuring circuit to actua 
a control switch, there is no delay betwee 
rebalancing and control-switch actuatio1 
which is said to be practically simultaneo. 








Illustratior 


with change in temperature 
hows rear view of instrument chassis 
front view of recorder-controller is similar 
to that of recorder in our July ’'41 issue 

“Model 70” with relay is available on botl 
tandard-speed and fast-speed instruments 
Open contact control switch, mounted or 
rear of instrument chassis, operates locking 
n type relay mounted in instrument casé 
Power contacts of relay govern externa 
control equipment. Switch contacts are < 
specially selected metals and operate o 
low voltage. Control switch is cam-actuatec 
Cam is securely locked to main operatin 
shaft, assuring no lost motion betwee 
lidewire contact, pen and pointer, and cor 


trol cam. Low-voltage locking-in type M-I 
relay is mounted in rear of case. Relay co 
nd control switch circuit operate on 2 
its a.c. Relay contains a built-in trans 
rmer to reduce line voltage to 20 volt 
I power contacts ar l-t. for on-¢ 
t contact ntrol action. Relay conta 

r (non-inductive loading) is 10 an 

1 t I t 230 volts a 

} 11 ts d ip. at 2Z 

it ic. Power to relay transformer 
pplied through main instrument powé 
N When instrument power is shut ol 
lay ll drop out, simulating high temper! 
iture, and shut down control equipmer 
“Model 71” without relay: Open conta 
yntrol switch mounted on rear of instr 

ent < provides direct operation 
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Philadelphia 
Merc-to-Merc 
Thermo - Regulators 

Feature 


Mercury to Mercury 
Contacts : Increased 
Contact Capacity : 
Sensitivity within 
0.1 F. Exceptionally Long 
Life and Stability : No 
Arcing : No Oxidation : 
Temperature Lag Re- 
duced : Temperature 
Ranges adjustable to 
700°F. 





Philadelphia Mero-to-Mere 
Temperature Controls and 
Mercury Plunger Relays 


The Philadelphia Thermometer Co. 
Sixth & Cayuga Sts. : Philadelphia 


WRITE FOR CATALOGUE 
No. " 


Oldest Thermometer Manufacturer 


in Philadel pbia 











Stevens 


WATER LEVEL 
and FLOW 


RECORDERS 


(DIRECT FLOAT OPERATED 
& REMOTELY CONTROLLED) 


INDICATORS 
AUTOMATIC CONTROLS 


Os) 


LEUPOLD & STEVENS 
INSTRUMENTS 
Hydrographic, Navigation, 
Surveying 


4445 N. E. GLISAN STREET 
PORTLAND 13, OREGON 











cLESTAD 


Time Controlling Instruments 


Their correct application—use, 
design and functioning. 





If you use one or thousands of such instruments— 


our specialized engineers, backed with our 





special equipment, are anxious to work 


with you to make that instrument a real asset. 


Write us, telling us what you use Tim- 

ing Devices for or what you have to 

be Time Controlled (electrical- 

ly), and we will gladly lay 

before you, FREE, in- 

saan and help- leet 
“amIMCE 


ful data. Electric (2 Timers 





Os Type TDI 


Th R.W. CRAMER COMPANY Jac. 


CENTERBROOK 


CONNECTICUT 


Drake Mounting Brackets are designed and built in 


WHAT BRACKET every conceivable shape to bring lamp filaments into 
desired positions. There are now over 950 different 


kinds available! This big variety is sufficient to cover 
practically every requirement. However, should a new 
application call for a special design, our skilled socket 


DO YOU NEED? 


and jewel assembly engineers will quickly design a 
bracket for the specific need. Our literature does not 
describe this full line of brackets. If you’ll send us a 


sketch we’ll gladly submit a sample of closest stock 
design. Please write us about your needs. 


Socket and Jewel Light Assemblies 


MANUFACTURING CO. 





1713 WEST HUBBARD ST., CHICAGO 22, U.S.A. 
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Contains detailed 
descriptions of models 
we re now making 


We Manufacture... 


Volt-Ohm Milliammeters 
Insulation Testers 

Signal Generators & Tracers 
Industrial Analyzers 

Voltage Testers, etc. 


Superior Instruments Co. 


Dept. 158 
227 Fulton St., New York 7, MN. Y. 


FPSsoevesccvsesssesesess seesasecseeasecesessaeadeeeeteetensaaeaanee 


“pp | Interval Timers 
: qa 


RADIO & 
ELECTRONIC 
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| Process Timers 








Signal Timers 




















| Time Switches 
Relays 
2 wie = 





AUTOMATIC 


=SSSELECTRIC 
MANUFACTURING CO. 
MANEATO, MINNESOTA 




















external control equipment. Control swit 
actuation is the same as with relay. Inst) 
ment power circuit and control circuit ; 
interconnected internally. Controlled equ 
ment must have same voltage and frequen 
rating as potentiometer controller. B 
sides of line are accessible in rear of c: 
for making external control connectio 
Switch is factory-adjusted for low-h 
control action; can be adjusted in the fix 
to provide low-neutral-high control acti 
Control point setting and control index a 
same as with relay. This controller is ava 
able in same voltage and frequency cu: 
binations as the circular chart recorder 

Pneumatic controller with auxiliary swit 
is a standard circular chart potentiomet 
pneumatic controller 
Auxiliary switch is cam actuated, cam b 


in a standard case, 


ing securely locked to main operating shaft, 


assuring no lost motion between slide-wi 
contact, pen and pointer, and control car 
Contact capacity of auxiliary switch is 


a 


amp. at 115 volts a.c. (non-inductive loa. 


Instrument power circuit and auxilla 


switch circuit are inter-connected internally 


(see above). Auxiliary switch operatir 
point and pneumatic control point are sey 
rately and independently adjustable. 

avoid confusion with pneumatic control poi 
index setting, 
dicate setting of auxiliary switch. This co 


n 


troller is available in same voltage ar 
frequency as circular chart pneumatic con 
trollers. — Brown Instrument Co., 448 
Wayne Ave., Philadelphia 44, Penna, 
Laboratory and Tool-room 
Furnace 
Newly re-designed “Type MLR” electr 
cally-heated furnace, for laboratory ar 


tool room, is now supplied with full 
outer casing, made of reinforced 
layered insulation. Furnaces are availab 
in standard sizes for operation up to 2000°! 


met 


and equipped with patented “folded an 
formed” production furnace type heatir 
element Harold BE. Trent Co., 247 Leve 
ington Avenue, Philadelphia 27, Pa. 


Electrical Instruments 


New line of instruments known as “GEM 


is announced. Units are said to be designe 
ra irate measurement of current whe 

€ current is to be measured.” Amor 

feature ire linear scale unit constru 

tion, and dust-proof cases. Unit constru 

t which makes inspection and servicir 

simple and largely eliminate 

r cs libration, consists in a 

I l bearin irmature alr 

re as a init that maintains accurat 

! ent and permits almost instant re 

1. Another unit consists of Alnico ma 

net and pole-piece brazed together to a 
tain gr ter rigidity. Brazing is done in 

induction furnace to assure uniform joir 

I prevent spreading or loosening unde 
vibration Alnico magnet, with extreme 

high ener per unit volume, permits smal 
er size and lighter weight: entire instr 
ment weighs 0.5 lb. Greater density 


magnetic field permits use of lighter movir 
elements in microammeters and low-ran 
milliammeters, thus prolonging jewel ar 
pivot life. In order to maintain an even fit 
across air gap, unit movement is positive! 
mounted on magnetic unit. This makes po 
sible a linear scale, Equal divisions of th 
scale make “GEM” instruments particular! 
adaptable to special jobs with multipl 
such as “kit meters.” Manufacture 
has also announced a policy of custon 
designing instruments to fit individu 
needs. “GEM” standard instruments con 
in a wide range of models but where stan: 
ard models cannot be adapted to do th 
job a special model will be designed. Stand 
ard “GEM” instruments include d-c. volt 
meters, ammeters, milliammeters, micr¢ 
ammeters, and radio-frequency ammeter 
of the a-c. thermocouple type. — Generc 
Electronic Manufacturing Company, Culve 
City, Calif. 


scales 
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no index is provided to In- 
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| self-contained, 


/ and 
| for 


| 
! 
| 
| 
| 
| 


|} have, in addition to 
| standard calibrated 


| tion scale determin- 
| and POURING TEM- 
| molten 


; steel 
} ured in the open. 


PROTECTED and 
UNPROTECTED 


TUBULAR SLIDE- 
CONTACT RHEOSTATS 
WITH SELF-LUBRICATING 
CONTACT BRUSHES 
ADJUSTABLE 
RESISTORS 


PROMPT SHIPMENTS 
REX RHEOSTAT CO. 


BALDWIN, L. }., N. Y. 














| minute 
| moving 
i smallest stream: 


= S= THE SIMPLIFIED=S— 


YROMETER 


By using PYRO, a 
DI- 
RECT READING, 
sturdy unit made to 
stand rough use. It 
is absolutely accu- 
rate and dependable, 
quickly pays 
itself. 

Unique construc- 
tlonenablesoperator 
to rapidly determine 
temperature even on 
spots, fast 
objects, or 
no 
correction charts, 
no accessories, no 
maintenance ex- 

ense. Special 
“FOUNDRY TYPE” 
and ‘‘Universal 
TRIPLE RANGE” 


range, a red correc- 
ing TRUE SPOUT 


PERATURES of 
fron and 
when meas- 


Stock ranges 1400° F. to 5000° F. 
Write for Catalog No. 80 
Immediate Delivery for Defense Plants 


THE PYROMETER INSTRUMERT 60. 
Plant & Lab 
193-107 LAFAYETTE ST., NEW YORK, WN. Y. 


In Canada, Sales and Repair Laboratery: 
Dominion Fiow Meter Company Limited 
Terento and Montreal 





f SETTER 
e 


WORK 
BETTER 


, Keep hands 
free 


214X BINOCULAR 
HEADBAND MAGNIFIER 


Magnification, 2!/;. Large, clear field 
of view. This magnifier is invaluable 
for precision work. Binocular vision 
reveals true depth of details. Optical- 
ly ground lenses. No eyestrain. Free 
working distance, about 8”, permit- 
ting unhindered use of hands. 
Eyeglasses may be worn while using. 
Highest optical quality. Eyeshade of 
black Tenite plastic—practically un- 
breakable. 


Also ACHROMATIC 34 
FOLDING POCKET 
MAGNIFIERS 


6 and 9 power 





for leafiet 


Write 


CARL ZEISS Inc. 


Dept. H-49-2, 485 Fifth Avenue, New York 17, N.Y. 





Radium 
Contained in 
This Compound 
Will Glow for 
Over 1500 


LIGHT 74at Weuer 
Fats Iu DARKNESS 


In Lustrolite’s laboratories, radium 
paint which glows indefinitely without 
exposure to other light sources is applied 
on aircraft dials and dccessories by skilled 
technicians. 

Vital instruments and controls demand 
instant recognition. Lustrolite radium makes 
dials, calibration marks on _ indicators 
gauges, safety markers always visible 
eliminates costly lighting apparatus . . 
insures against power failure! 

APPLICATORS ALSO OF FLUORESCENT 
AND PHOSPHORESCENT LUMINOUS NON 
RADIOACTIVE PAINTS. 


Investigate present and post-war uses. 
Write today for informative booklet! 


lustrolite 


CLEVELAND CORPORATION 
Com 6927 Carnegie Avenue 
ite Cleveland 3, Ohio 


























SEE You carcu trouble 


before it catches you | 
-if youowna 


YPOT 





Insulation Break- 
down Tester. Model 406 illustrated. 3 j 
KVA 0-3000 volt secondary, 115 voit 60 
cycle primary, 500 milliampere secondary 
circuit. Complete with burning ground cir- 
cults and rubber-tired wheels. 20’ high \ 
voltage test leads, 50’ input leads, 50’ } 
ground leads. 


HYPOT High Voltage 


THE INSTRUMENT THAT 

WILLFOREWARN YOU OF 

PROBABLE ELECTRICAL 
FAILURE. 


With a HYPOT you can quickly 
locate that ' 
would burn out in service. 


insulation faults 


HYPOT 


has ample capacity for all testing. : 
Quick, easy control from 0 to 
maximum voltage. 5 models avail- 

able for all services. 





EASILY PORTABLE UNIT 
HYPOT Model 406 is equipped 
ith rubber tired wheels for easy 
moving. Complete safety to oper- 
ator and equipment. 
Prompt delivery. 





WRITE FOR 
COMPLETE FACTS 
AND DATA—-TODAY! 
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Toronto, Canadian Society for T. C. Agnew, Minneapolis- Feb. 15 Diana Sweets, 188 Bloor Sel yn of rature J. M. Jackson, Leeds 
Ontario Measurement & Control Honeywell Reg. Co St. W., Toronto Control E t ¥ Northrup ( 
Washington, Instrument Society of W. A. Wildhack, 328 N Feb. 21°? Interior Dep't Auditorium lectric Relays L. F. Crabtree, Auto- 
D.C. Washington Oxford St., Arlington, Va tic Electric Co. 
Wyandotte, Instrument Society of D. J. McCloskey, 116 Oak Feb. 26‘8 West Mound Methodist iskania Controls H. E. Early 
Mich. Wayne County St., Wy tte, Mich Church 
(A) Meeting at 7:30, n — (B) Dinner at 6:30, meeting at 8 (C) Dinner at 7, meeting at 8 (D) Meeting at 8, no dinne 
( I‘ Oo Following the presentation of the paper, \ lation Unit Charley had a world 
r those present had the pportunity of exam- pl tical suggestions for the use of th 
‘ same f rious metering units which Mr. Bor- proper material to be used on the instr 
N I a len had brought for demonstration purposes. nts and control learned from actu 
; i 1 B These in ere shown ir ictual opera- operating experience. Some of his sugges- 
I “T ng He > ties tions were as follows: Avoid small piping 
7 f obt _— -o Tr interested in telemetering systems Avoid screw connections ; always use welde 
; : ; — Shy found ! Mr Bi len’s paper basic infor- rr ring joints. Use tricocks to check leve 
. i ‘ pointed out — or tion on all tl prominent present-day 1inst strument in indications. U 
I n I ft tems presented in a concise and under- gate nd glot es. Monel was four 
sc pamabhen standable for The is indebted to best for valve material, Aluminum or co 
M t t the ience of Mr. Borden and } Compar for a most per is best for valve packing. Little val 
I K § r 60 nterestir eet ( R. THOMASOD ibrication is needed. No purge seals ar 
! well-kr r rticle or needed on valves. ¢ y put a lot of fir 
‘ ten 1} M oO. J. Bliss nt hi neect — ntrarv to his litt 
th Edisun Co. in Chi- KANSAS CITY joke ohnny was yng 
Mr. I lescribed the At the December 19 meeting of the Kan- Charley did not put igh 
levised and used by s City Industrial Instrumentation Society, the fire.—W. A. 
I 1931] tne \. LEE, ew counci nembers were elected as fol- 
; I ws: Baker Manle J. F. Pritchard & I aa ia 
1 + . 1 WARK 
' w a 2? cxcatte g > Edy [Thompson (Minneapolis-Hon- 
tt port. This report eywell Regulator Co.) ; Lester Johnson (Sin- rhe Society for Measurement and Contr 
t which time it con- lair Refit Co.) ; Lou Mears (Sullivan- (N.J.) held its first meeting of the ye 
Ct sitar: i ' Mears Co.) ; Roy Carns (Sinclair Refining ©n Tuesday, January it the E 
i A.1.1 I . ‘o.) House in Newdtk. Mr. D,. A. Campbell 
I t t whl Die , the Bryant Heater Cx presented a bs 
I t I s entitled “1941 Re- rhe se : ge sprees pores — , ss by paper on Combustion Protective Device 
| 1 Suy Con av sere ry-Tre asic Watts see aseiesps H first gave a few examples of ever 
who reported we were very much “solvent. rents hn led levelopment of such p 
} : , limina . 7 Mr In place f our regular Quiz Kids, the tective devices about ten vears ago. I 
. ; + , nabiwe rst portion of ir meeting was thrown then reviewed ir yme detail the ba 
: t is tyne f tel en to questions and answers from the principle of operation ¢ such equipmer 
t which 1} " had a led int floor. Several problems were solved and known to be commercially available, an 
nt sif tior 7] requency worthwhile ggestions mad a rs. I se! iunalyzed the limitations and the importar 
Position, Current, Voltage, and Impulse. He ae ; ‘ ; Sates bed iggy oe ~ . a re Hos —— —— se ; 
' » 4) . ree Lu prope pplic r f ich type 3a 
points it that of the 70 old telemetering moistu were interfering with the accuracy types of flame dete which were de 
syster bout 50 different methods still ex- f some 1 ation pyrometers, It % scribed included, in a on to the simple 
st and described several representative ested that neoprene be used a8 a gasket tenek the whebesladiric cell, and circuit 
present-day methods under each of the above’ materi members agreed that dis- employing the known hizh resistance cor 
ssifications. In his concluding remarks, he ussions of this type were very much worth- quctance of fiames. The latter includ 
mentioned t e of telemetering systems while both the non-electronic and the electroni 
in t ec lir und control of pressures, Our guest speaker, C. E. Defabaugh of type circuits, 
evel nd f s s well as the totalizing Phillips Petroleum Co, presented a real Mr. Campbell stressed, with suitable ref 
f « lits and power loads story on his experience with the H. F. erence to specific installations, the import 
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of correct application and installation, 
i careful maintenance 
The question period indicated that such 
ices are of prime interest to the mem- 
ship. Mr. Campbell’s well-organized 
lysis of this type of equipment is con- 
lered a basic study.—H. F. Moore 


NEW YORK 

\bout fifty attended the dinner preceding 

January 30, 1945, meeting of the New 
rk Society for Measurement & Control 
d ten to fifteen others arrived later fo1 
e business session and lecture, The annu- 
reports were presented and accepted and 

following elected to serve during 1945 
President, Prof. Carl F. Kayan, Dept. 

Mech Iing’g, Columbia University; 
ice-President, Prof. C. H. Colvin, Guggen- 
m School of Aeronautics, New York 
retary, H. lL. Hildenbrand 
he Esterline-Angus Co., Inc.; Treasurer, 

KE, Corbett, C. J. Tagliabue Div., Portable 
roducts Corp 

Executive Committee, Irving H. Blatz, 

llova Watch Co.; C. D. Corey, Bulova 
Vatch Co.; Harry E. Geddes, American 
irlines, Inc.; Robert K. Farnham, Instru- 
ents Publishing Co.; H. C. Roters, Fair- 

iild Camera & Instrument Corp. 

Until a by-law can be adopted, Mr. Fair- 
hild, who has been President since the 
eginning of the Society, was asked to con- 
ider himself Adviser to the Executive 
‘ommittee so that the Society will continue 
to benefit by his ability and experience. 

Following the business meeting we heard 

talk, illustrated, by Dr. Joseph F. Kubis, 
rraduate School, Dept. of Psychology, Ford- 
um University, on Recent Developments 
n the Detection of Deception. Dr. Kubis 
ave us a short history of lie detection and 
hen described the Fordham Lie Detector. 
fe illustrated his talk with slides showing 
ecords obtained in actual criminal cases. 

H. L. HILDENBRAND 


niversity Ser 


WASHINGTON 

At the January 16th meeting of the In- 
strument Society of Washington, a Syn- 
thetic Sapphire Symposium was attended 
by nearly two hundred persons. 

Arthur K. Seeman, Engineer, Linde Air 
Products Co., described the manufacture 
f synthetic sapphire in boules or rods, and 
eviewed the various uses of this material. 

Charles D. Burgess, Chief, Jewel Bearing 
Section, War Production Board, described 
the processes and machinery used in the 
nanufacture of synthetic sapphire instru- 
nent bearings, and reviewed the history of 
the government’s production program. 

William H. Godfrey, Sales Manager, Sap 
hire Products Division, Elgin National 
Watch Company, described the application 
if synthetic sapphire in gages and cited the 
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WYANDOTTE 

The Instrument Society of Wayne County 
et as scheduled on January 22. There was 
‘urther discussion on the projected school 
» be conducted by our more experienced 
nembers for the benefit of new instrument 
nen. Our Bookshelf is taking shape. We 
ire listing our books and catalogs and 
retting ready to place them in the space 
set aside for us at the Wyandotte Library. 
Mr. Barnum of the Brown Instrument 
Yo. gave a reshowing of the Walt Disney 
ilms on Fundamentals of Electricity and 
‘Slementary Electronics, and slides on the 
Brown Electronic Potentiometer. Mr. Bar- 
1um’s talk accompanying the slides and 
iis explanations afterward improved our 
inderstanding of the new instrument. 
Despite bad roads and bad weather we 
1ad a good crowd and got several mem- 
bers.—JOHN MACPHERSON 











EQUIPMENT & SUPPLY CO. 
136 LIBERTY ST. NEW YoRK 6, N. Y. 





The IMPROVED 


,@ 38 fel: 


REG. U. S, PAT. OFF. 


elecirie SOLDERING IRON 





about 
actual size; 





soldering ~ 

in the : 
ELECTRONIC 
RADIO AND 
INSTRUMENT 


manufacturing and 

repairing fields 
Easily solders hard-to-reach connections. 
Cuts down fatigue, increases accuracy. 


ORDER FROM YOUR JOBBER, OR DIRECT. 
GENERAL OFFICES: CENTRAL TOWER, SAN FRANCISCO 3 


_ MELNOR MANUFACTURING COMPANY 












BARTON 
RATE OF FLOW INDICATOR 


(Formerly MJL No. 163) 


EASILY READ 


© 
EASILY INSTALLED 


& 
REQUIRES LITTLE SPACE 


31/4,” in diam., 4” long 
& 
HANDLES HIGH PRESSURES 
Can be furnished for use with 
line pressures to 3,000 P.S.I. 
s 
RUPTURE-PROOF BELLOWS 
Will withstand extreme over- 


ranging. No mercury column 


PROMPT DELIVERIES 


For the purpose of expanding pro- 
duction facilities and further devel- 
oping its products, Morey & Jones, 
Ltd., has procured new offices and 
factory facilities. Coincidental with 
the change of address, the Company 
name has also been changed to 
Barton Instrument Company. All 
inquiries as to products formerly 
manufactured by Morey & Jones 
should be addressed to the new 


company name and location 


BARTON 
INSTRUMENT COMPANY 


2306 East 38th St 
LOS ANGELES 11 CALIFORNIA 
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EXPERIMENTAL ELECTRONICS. By 


R. H. MuULLerR, R. L, GARMAN and M. E. 
Droz. Prentice-Hall, Inc., New York, 1942 
Cloth, 6 X& 9 inches, xv + 330 pages. Price 
$4.65 (Text Edition $3.50). 


It seems rather unusual that a book on 
electronics should be written by professors 
of chemistry, and not by physicists or elec- 


trical engineers. But the applications of 
electronics have spread so far. that elec- 
tronic equipment Is frequently used in chem- 
ical, biological or other laboratories. The 


authors seem to appreciate the difficulties 
confronting workers without special train- 
ing in the use of such equipment, and have 
succeeded in writing a unique book which 
assumes hardly any familiarity with elec- 
tric circuits on the part of the user. Written 
more like a laboratory manual, it describes 
in creat detail (sometimes rather too great 
detail) a large number of standard ex- 
periments involving electron tubes of all types. 

An extremely important feature of the 
book—unfortunately absent in many texts 
—is the indication of the numerical values 
of resistors, capacitors, etc., on the cireuit 
diagrams or in the text. Likewise useful 
are numerous graphs showing typical re- 
sults of the experiments. 

All important applications of electronics 
(excepting communications) are discussed. 


The’ first chapter gives a survey of the 
fundamentals of electric circuits and a 
description of the most frequently used 


component parts of electronic equipment. 
Other chapters deal different kinds 
of electronic tubes, including photocells and 
cathode-ray tubes, and describes experi- 
ments showing their characteristics and 
their typical applications. Further chapters 
describe standard circuits such as power 
supplies, amplifiers, oscillators, electronic 
voltmeters, etc. 

While the authors may have gone a little 
too far in broadness of style and descrip- 
tion, they have certainly succeeded in writ- 
ing a book which will be outstandingly use- 
ful not only as a textbook (for which pur- 
pose it was apparently intended) but also 
a@ practical handbook for the assembly of 
circuits for special purposes, and even as 
a guide for trouble-shooting. 

—I. ESTERMANN, Carnegie Institute 
of Technology, Pittsburgh. 


with 


PRECISION MEASUREMENT IN THE 
METAL WORKING INDUSTRY—Vol. I. 
Prepared by Dep’t of Education of Inter- 
nat’l Machines Corp Syracuse 
University Press, Syracuse, N. Y., 1942. 
Fabrikoid binder, spiral bound, &% 11% 


susiness 


inches, vili+ 263 pages. Price $2.75. 
This volume is a revision of a portion 
of the I.B.M. Manual under the name of 


“Measuring Instruments.” It has been used 
since 1935 as,a text book by the Interna- 
tional Business Machine Company for in- 
structional purposes within their organi- 
zation. Since 1940, it has been widely used 
by the Army Ordnance also for instruc- 
tional purposes. Having been constantly in 
use, it has had continuous revision to in- 
crease its adaptability in teaching person- 
nel the use and application of precisiop 
measuring equipment. This volume con- 
tains a short introduction familiarizing the 
students with principles of precision meas- 
urement and the organizations which es- 
tablished these principles. The remainder 
of the course is developed bv breaking 
down precision measuring equipment into 
types and classes and dealing with the 
classes separately as to the principles, back- 
ground, manufacture, application, use, and 
care of the instrument. Each chapter is 
concluded with a group of questions de- 
signed to test the students. The questions 
are simple but thorough and discerning, 
and each group contains a number of prob- 
lems. On this basis, Volume I deals with 
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Non- 


Introduction, 
Line-graduated Measuring Instru- 


the following subjects: 
precision 
ments, Micrometer and Vernier Type In- 
struments, Precision Gage Blocks, Fixed 
Gages, Thread Gages, and Dial Gages and 
Test Indicators. 

Because of the way in which it has de- 
veloped, this book provides a down-to-earth 
course of instructions in the principles of 
precision measurement, It is easy to teach 
and easy to learn. 

—R. A. BowMAN, Major, Ord. Dept., 
In Charge of Pittsburgh District 
Gage Laboratory, A.S.F. 

THE MICROSCOPE AND ITS USE. By 
FRANK F. Murroz and H. A, CHARIPPER. 
Chemical Publishing Company, Inc., Brook- 
lyn, N. Y., 1943. Cloth, 5% xX 8% inches, 
xii + 334 pages. Price $2.50. 


Designed primarily as a practical aid for 
the student and laboratory technician, this 
little book has much to recommend it to 
the novice and experienced microscopist 
alike. All details of optical theory, except 
those absolutely essential to the everyday 
use of the microscope, have been eliminated 
to make way for a series of simple but 
lucid discussions on the manipulation and 
applications of the instrument in the several 
fields where its use has become important. 
Simplifying rules, tricks, and warnings 
against common mistakes are given in 
abundance. 

Perhaps the most unusual feature of the 
book, however, is the stvle of composition 
and writing which, though almost as read- 
able as a novel, is so organized as to make 
easy the finding of specific information. 


Emphasis is placed upon the biological 
microscope and its attendant techniques, 
especially microtomy. Described in some- 


what less detail are the uses of the metal- 
lurgical, petrographic, polarizing, binocular, 
and bullet-comparison microscope as well as 
of many pieces of’accessory equipment. The 
chapter on “Common Errors in the Use of 
the Microscope” deserves special mention as 
does the appended “Glossary” which tends 
rather more toward a condensed encyclo- 
pedia than toward a mere table of defini- 
tions. Lest it be inferred that the book as 
a whole is encyclopedic in nature, however, 
it is only fair to point out that the special- 
ist in a particular fleld may well find the 
subjects of peculiar interest to him treated 
briefly or not at all. For the most part the 
less common instruments and _ techniques 
have not been mentioned and photomicros- 
copy is touched upon but lightly. 


The illustrations, though numerous, are 
somewhat disappointing: they appear to 
have been drawn largely from the sales 


literature. Nevertheless, this reader, despite 
almost daily practice in microscopy during 
most of twenty years, found in the pages 
of this book many helpful suggestions that 
had heretofore escaped him—and found it 
so entertainingly written that it was diffi- 
cult to view it as the book of reference that 
it really is. 

-FREDERICK N. RHINES, Carnegie 

Institute of Technology, Pittsburgh. 





COMPOSITE AIRCRAFT MANUFAC- 
TURE AND INSPECTION. By Leno C. 
MICHELON, Harper & Brothers, New York, 
1944. Cloth, 8 X 11 inches, xii + 547 pages. 
Price $6.00. 


In this book Lieutenant Michelon has 
written what appears at first glance to be 
an encyclopedia of airplane manufacture. 
He describes properties, processes of fab- 
rication and methods of inspection of alu- 
minum, magnesium, steel, wood, plastics 
and fabrics. It is notable, however, that of 
the approximately 500 pages, more than 
120 are devoted to “Wood in Aircraft” and 
an approximately equal space is allotted 


to a description of inspection theory, equ 
ment and methods. This is quite a contr: 
to the twenty-odd pages given to h 
treatment of aluminum and steel. 
In concentrating on two subjects, Lt. } 
chelon has made what appears to be a w! 
choice. Until the outbreak of the pres: 
war, wood had almost disappeared fr: 
the picture of engineering materials. Cy 
tainly, the development of processes f 
fabrication of durable wood structures h 
lagged. As a result, wood structure devs 
opment has almost been a pioneering a 
tivity in the past few years, and what litt 
literature there is on that subject is large 
out of date. A few of the chapter headin 
of Part 2, ‘“‘Wood in Aircraft,” indicate t) 
broad scope of this discussion: 
V. Characteristics of Aircraft Woods 
VI. Kiln Drying and Air Seasoning 
Aircraft Lumber 

IX. The Manufacture and Inspection 
High-density Plywood 

X. Radio Frequency and Compregnaté 
Wood, 

These and other chapters on use of wood 
are not a presentation of theory or su: 
gested ideas, but a detailed description 
what has proven successful and unsuccess- 
ful in aircraft wood construction, It is 
pointed out that in properly-selected woods, 
the ratio of weight to strength is equal to 
that of aluminum, magnesium, stecl, and 
plastics, the other common aircraft m: 
terials. 

For instrument men, the most interest 
ing and valuable portion of this book will 
be the six chapters on Dimensional Contro! 
and the two on Testing for Physical Prop- 
erties. These chapters cover the theory 
limitations and application of almost every 
dimensional control device in use today 
Beginning with the simple rule, the discus- 
sion progresses through verniers, microm- 
eters, ring, plug, and snap gages, indica 
tors, indicator gaging assemblies, an 
various types of comparators. There has 
been a great deal of misinformation on thi 
subject and this clear-cut and straightfor 
ward discussion of gages and gaging wil 
help to clarify many misconceptions an 
false ideas. 

Diagrams and illustrations appear at the 
end of each chapter. These illustrations 
depict not only the equipment but proce- 
dures in assembly of elements and use of 
equipment. A clear straightforward style 
of writing is used throughout. “Composite 
Aircraft Manufacture and Inspection” can 
therefore be a very useful guide to both 
engineers and shop men on many of the 
phases of aircraft manufacture. At the 
same time, a broad picture is painted, and 
much of the material is applicable to othe 
manufacturing processes, Lt. Michelon’s 
book fills a real vacancy in the industrial 
bookshelf. 

—S. H. ISAACS, Instrument Engineer 
. Wright Aeronautical Corp., Cincin 
nati, Ohio. 


ELECTRICAL COUNTING (American 
Edition). By W. B. Lewrs. Cambridge Uni- 
versity Press, Cambridge, Fingland, and 
MacMillan Co., New York, 1943. Cloth, 5% 
xX 8% inches, 144 pages. Price $2.50. 


The author describes the methods and 
circuits used in research work in nuclear 
physics for the counting of alpha and beta 
particles. These circuits, however, are suit- 
able for many other purposes, among them 
the counting of any kind of electrical im- 
pulses. They can, therefore, be adapted to 
industrial counting, traffic counting, etc 
Details are given for the construction of 
amplifiers, stabilizers, and recorders, The 
circuit diagrams are of large scale and well 
legible, and all component parts are clearly 
marked. The designations of the tubes are 
those used in England, and it would be 
helpful if the American edition would be 
supplemented with a chart showing the 
corresponding American types. Apart from 
the counting, the book contains several 
chapters of special interest to nuclear phy- 
sicists. 

—I. EsTgrMANnn, Carnegie Institute 
of Technology, Pittsburgh. 
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DOW Gc .O.R NIN CG 


VARNISHES 





HIGH 


Humidity, the primary reason for failure of motors and 
other electrical equipment, is conquered by I® Silicone 
Varnishes. Even under extreme conditions of condensa- 
tion, severe overloads or idleness in moist locations, IU 


insulated equipment starts and runs at full load. 


High temperature silicone insulation was first made 
possible by [U Varnishes. These new heat stable resins 
are natural complements to the inorganic spacing ma- 
terials—mica, Fiberglas and asbestos. Dow Corning 
Silicone Varnishes provide bonding and filling dielec- 
trics which are highly resistant to heat, moisture, oil and 


chemicals. 
DOW CORNING CORPORATION 
BOX 592, MIDLAND, MICHIGAN 





TEMPERATURE SILICONE INSULATION 


DOW CORNING 993 ... available in commercial quantities, 
is a heat curing, high temperature stable silicone varnish for 
impregnating motor stators, transformer coils and other elec- 
trical equipment; for varnishing Fiberglas or asbestos served 
wire; for varnishing Fiberglas and asbestos electrical ins:- 
lating cloths, tapes, tying cords and sleeving; for bonding 
Fiberglas and mica combinations. 
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In this department we report new literature pertaining to Instrumentation, received from ths 1-4" 
oe -| manufacturers. To assist in the War Effort we urge readers to request ONLY those bulletins Ps. -on: 
| which will be of value to them. Use the coupon on the facing page. fabrik 
° , i put 
America 2 | : 
MOST COMPLETE M-33 Oi] Well Surveying Equipment. qualitative inalyses of crystalline az = 
S S. if bl 20-page 814%” x 11”. Catalog 43 describes certain amorphous substances. Bullet ve 
| wee Of (1) multiple-shot survey instruments covers method of operation and giv nt 
for i used to make a continuous record of specifications for spectrometer props —s 
direction and inclination (2) single-shot transformers stabilizer, scaling un seh 
ih RADIO PARTS | survey instruments to make a directional power supply, Geiger unit and x-r o> 
| } survey of a well being drilled and (3) tube. North American Phillips Co., Ir 
| RADIO TUBES | drift indicators for the control of verti 100 East 42nd St., New York, N. Y. M- 4: 
{ if b 


11 drilling Eastman Instrument Co 


INDUSTRIAL j P oO Box 1500. Denver 1. Colo. M-40 “Micromax” Electric Control. 24 Ee i 








j page 7%” x 10%” Catalog N-00A(2) ner 

ELECTRONIC EQUIPMENT M-34 Relays. 2-page 8%” x 11” leaflet describes duration adjusting type co relays 
- | describes a precision telephone type relay trol system designed to regulate electr relays 

AMPLIFIERS ee erate eee cesar inpek a that tamperatiine ts Bets it 
operation under severe conditions: and specified by means of an “on-off” co rvic 

SOUND SYSTEMS | a midget-typ« relay for communication tacting system. Installation photos shi a- 

| electronics and aviation. Betts & Betts, ontrol system in use in representatiy zalvat 

TEST INSTRUMENTS | 551 West 52 St.. New York 19, N. Y plants. Also included is an explanatio trial 
Boe oe peer era e to show how easily an operator ca North 
COMMUNICATIONS and i M-35 Vaecuum-tube Voltmeter. 1-pag« “tune” ss a ge Mn tg sai 

as “ catalog sheet illustrates an¢ > process »y adjusting tnro ing-rang M-4 

BROADCAST APPARATUS (O70 e eerie eres ae oe knob, rate of droop-correction knob and | 11" cc 
ip | teen Salles dabenimant. tat mmeaeurien on impulse rate knob. Leeds and Northru ficatio 
AIRCRAFT and | oe 2 i-c \ ~g é ae ' ere FE] ty ink * mpany 4934 Stenton Avenue, Phila ad, §s 
eee we eee de eh ie Be etch ae ijelphia 44, Pa. conus 

Smee) ©ée. Co. 140 8. Second St, Harrisburg, SC 908 SO pes 
/ ; spc _ M-41 Electronic Supplies. $9 -pal N. Y¥. 

F/M—television—A/M | M-36 “X-ray Diffraction-An Industrial 1944 1h ge rege Hise intone 

j on “a Citi ew ~ caads ‘ of : d lé 1ity 4s 11us é g 4 ue 
> 4 i secre ys a Po Fan err le catalogs items available on priority fo a 


immediate delivery from stock subj¢e 










































' 
| employed for the identific: of mate- eo escri 
j OVER 10,000 ITEMS] i seta a Z : nr id a ye ; ae ; to prior sale. Items listed include tube Sc! 
i rials l Zstablishment o identities in : Meee i tet . ‘ rq 
i } . “ sound systems, x-ray machines, tran 
AT YOUR FINGERTIPS ad } ceramic clays, 2. Checking ingredients ¢ ee capacitors resistors phot uti 
| {| of dairy products, 3. Quality tests on electric units, timers, relays, electric ds 
PURCHASING AGENTS! soapstone before fi ing, 4. De termination drills, saws, grinders and other tools Puer 
| ENGINEERS! of covering quality of paint pigments, Available to engineers and purchasins ound 
: 3 i 5. Differentiation of natural and artificial agents. Walker-Jimieson, Inc., 311 Sout! ~ 
| Send for this pearls, 6. Identification of aluminum ox- Western Avenue, Chicago 12, II. hot 
FREE 800 PAGE CATALOG! | ide modifications, 7. Differentiation of ew 
Write today on your company i inorganic fibers, 8. Metallic deposition in M-42 Spark Plug Thermocouple, 4 r 
eee Oe = massive formation of metallic carbides, 9. De- page 8%” xX 11” folder describes a new M-5 
00 page Buying Guide con- aes ‘ inmaniem ail ate tisn snark ing gaaira . ' a Po gi,” 
taining everything in radio- erminatior of character Oo! mm neen spark PIU Sal ket the rmocoupl I = a 
electronics, Complete list- films. North American Philips Co., Inc., accurate indication of cylinder-hea 1achi 
ings of all standard na- 100 East 42 St New York, N. Y temperature, Revere Co. Wallingford rodu 
tionally known products = Conn lane 
in one handy, bound ‘ Fj u anne sng 
volume! Sent free on M-37 “Metricator.” 4-page 8% xX 11 yin 
vequent by addressing bulletin describes operating principle of M-43 “Electronic Duo-Stat.” 12-page ) to 1 
Sox's in ir-operated precision gag which 834” xX 10%” Catalog Bulletin No. 39¢ Kr¢ 
This Gook will measure internal and external diam- Edition 1, presents salient fé atures of eRe 
Helo A eters, taper narrow grooves, straight- weather-compensated heat regulator fo 
cam. eee Aewrer i} ness and oncentricity Built with an buildings. Diagrams illustrate its appli M-5 
Your Procurement | amplification of 4000:1 it can measur cation in  buildins using hot-water nl) 
Problems! * vithin 0.000025” without influence of heating, steam heating or warme-ail ver 
. j human element Metrical Laboratories, heating. Other auxiliary equipment use nd 
. ' 1 “~ 
<a Inc.. 17 Detroit St.. Ann Arbor, Mich in conjunction with the Duo-Stat sucl nd {1 
FOR PROMPT SERVICE a | igan as pneumatic valve, electric motor valve uton 
i time switches radiator and outdoo 
Telephone BArclay 7-1840 : - : 1achi 
— M-38 Gages and Dial Indicators, 0b6- bulbs ars also illustrated. Johnsor ewes 
page 8144 x 11” Catalog No. 53 covers Service Company, Milwaukee 2, Wis. 3 
BUY THAT EXTRA BOND NOW Decl anak ediiaeatane indaaaaben ataedin- si 
~ u 1 
ments. dial micrometers, dial compara- M-44 Water Turbine Flow Meter. | 
, ] : ‘ : a witc 
and SAVE AN EXTRA LIFE! tors, caliper and cylinder gages, with page 81%4” xX 11” Bulletin No. 420 illus “ales 
| full-size illustrations and a table that trates Simplex Type MO Meter that indi e 
i gives range of all dial indicators. De- cates, records, and totalizes flow rate ion 
° ° + : A 
SUPPLIERS TO scriptions of dials, bearings, and move- through water turbines’ incorporatins sito 
> : : y re 
| industricl M fact R h ments (plain and compound) and com- the Simplex W-K Principle and W-k 
} x Si t ‘ 
| spate: sine AUTO Orars eseare plete dimensions are _ included New Differential Taps. A description of thé M-5 
Laboratories * Schools « Colleges models include several long range indi- Simplex Type MAP Manometer fo. me a 
“ 3 er “rs 
Government Agencies * Railroads cators and portable types of microm- measuring the head quantity pcan wees 
: stege ‘ ‘ ‘ters. B. C. Ames Co., Waltham, Mass. of the W-K Taps is included. Simplex 5 
Public Utilities + Broadcast Stations ’ ° bs : ee Sask i Wain Sh olde 
* g ° 4 Valve & Meter Co., 68th & Upland Sts. urz- 
Hospitals + Shipyards - Police Depts., etc. M-39 X-ray Spectrometer, <-page philadelphia, Pa. in. 
: 81%, x 11” bulletin describes wide range . 
of applications that can be handled by M-45 Electrically Operated Switches M-! 
N R A DI focusing spectrometer and lists some ap- 16-page 8%” xX 11” Circular No. 60! 1 ” 5 
plications for process control in the describes automatic transfer switches lane 
& ELECTRONICS co paint, chemical, ceramic, rubber and contactors and relays. Outlines major lesiz: 
4 metallurgical fields. Instrument provides features of some of the units and vails 
212 Fulton Street. New York 7, N. Y. new method of making quantitative and emphasizes the mechanically locke aneas 
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hanism and the inherent electrical 
mechanical interlocking. Operating | 

neiples of mechanism are illustrated | 
explained. Automatic Switch Co., 41 | 

i 

| 





t Lith St., New York, N. Y. 7 
1-46 Midget Electric Motors, 2-page 
81. ”~x11” Bulletin M-1 features 13/16” 
meter frame permanent magnet type 
tors. Outline drawings, tables and 
formance charts are included. Globe 
ijustries, Inc., 125 Sunrise Place, Day- < 


7, Ohio SS 


M-47 Flexible Shaft Handbook. The 
Second Edition is a 256-page 5”x8 
yrikoid-cover book of engineering data 
————— yut flexible shafts and their applica- 
It covers the many developments 
de since the first edition was published 



































































, al 
llet 1929. Chapters are devoted to Instru- | 
giv nt Drives and Remote-control Appli- ail , } 
tions.— strial iv. S. S. White a | 
ropt ion Industrial Div. § P. | 
un ntal Mfg. Co., 10 East 40 St., New ositive Y, i 
X-r¢ rk i6, N. ¥ “M A | 
i WY WE More Accurately 
é M-48 Relays. 36-page 8144” x11” loose- mal d | 
if bulletin considers the factors affect- (L., - an to Cc oser 
l 24 ng the operation of d-c. relays; lists | 
JA(2) general characteristics and features of MODEL 45B-100. The upper, sensitive tolerances | 
co relays for aircraft and mobile equipment; roller contact actuates the Dial indicator. | 
-ctr relays for applications where coil power ; P 
da limited; relays for communications No conventional type of gage, whether ring 
co! service; circuit breakers for protection gage or roller-type snap gage, can tell you so 
sho a-c. or d-c. circuits and d’Arsonval definitely and so quickly the degree of ac- | 
ative galvanometers for laboratory and indus- curacy of a pitch diameter as these two types } 
Atlo trial _use.—G-M Laboratories, Inc., 4335 of Dial Indicator Gages. Neither depend | 
aie ‘orth Knox Ave., Chicago 41, II. upon the uncertain sense of touch. | 
ii j 
ang M-49 Resistors. 8-page bulletin, 814” x The roller type tells more than the con- 
' a ” contains illustrations, detailed speci- ventional roller snap gage because the sen- | 
ae fications and price list of lead-lug-and- sitive upper roller contact, reveals on the 
ante lead, standard lug, adjustable and ferrule Indicator, just how much and where the 
pes wire-wound resistors.- ‘ : : 

Mfe Pd "948 a ae Pan pitch diameter may be wrong. The ball | 
page N.Y oe en ae Reeererr ee type simulates the three-wire method, | 
nb ae but is faster. It is accurate to a tenth 
an ; ' ndth. Either type is in- 

f M-50 Optical Fluorescence Compara- of a thousan d “er yp Dial 
0 Setalow wagon 646-874 tack. 047211" ae corporated in the adjustable Dia 
je tor. Catalog pages 370-374 Incl., 842°x , MODEL 45B-80. The upper, sensitive ball Indicator Gage shown below \ 
bes escribe in great detail a new instrument contact actuates the Dial Indicator. Both _— : g ‘ ‘ | 
ans r quantitative analysis of fluorescent lower ball anvils float sidewise inde- For details write | 
oto lutions by means of fluorescent stand- pendently to compensate for any vari- 
tric rds, for vitamins, quinine, atabrine, ation in lead. | 
01s rugs, oils, organic and inorganic com- y TOR FILMS FEDERAL PRODUCTS i 
sin pounds. Operating principle is explained (With Sound CORPORATION } 
ut! vith the aid of detailed diagrams.— No.1 DIAL INDICATORS } 
Photovolt Corporation, 95 Madison Ave., No.2 DIAL INDICATOR GAGES aia ee | 
eer . . 20 minutes each. For instruction and training 

vew York 16, N. Y. For showing write —_—_—> | 

4 = 
new M-51 Instrument Vibrator, 4 - page a eee queen yer tg het 
fo §146.%x11” Bulletin 44-E describes a MEMPHIS * MILWAUKEE * MINNEAPOLIS * MONTREAL ' 
ead machi » for t - instr > rhie NEW YORK * PHILADELPHIA * PITTSBURGH 
ead machine f yr vibrating instruments, which a erasanin + Stat AARICISED ¢ SEUNG © SORONEED 
ord roduces circular vibratory motion on a WINDSOR 

lane 45° to the horizontal, as is required 

y instrument specifications Amplitude 
age ) to 1/16”; speed range 500 to 3000 r.p.m. lana Wa 
396 Krouse Testing Machine Co., 573 E. 

of lleve } ve ‘olu us 3 hio 
‘i lleventh Ave., Columbu: , Oh PRECISION MEASURING INSTRUMENTS 
pli M-52 Micro Switches 84-page 814”x11” 
te ‘atalogue No. 71 illustrates and describes 
"Ql ver 500 heavy-duty type Micro Switches 
— nd auxiliary devices for instruments 
a nd for control systems in aircraft, 

00 Stomortyve, marine, raliway SRG besvy TO PREVENT WASTE AND AID THE WAR EFFORT 

30Y nachinery. Catalog sections describe (1) Request ONLY the literature that will aid you in your war work. 

_ ficro Switches with A-N part numbers, (2) Paste the coupon on a government postal card addressed to Instruments, 
sasic Micro Switches, Die Cast and taking care to make all four edges stick. 

6 \luminum Housings, Peanut Micro Fo RecenaPeEsTeaTecececlees FEvEsVeDesceRTEeREE OS ER SaeEseeaenanEsesuasreaes sseenesansessesesaseeses susseareus 
us witches, Auxiliary Actuators, etc. Tech- § Instruments, 1117 Wolfendale St., Pittsburgh 12, Pa. (Feb. 1945) 
di ical information includes electrical § Fé ; ; — 
= ata, electrical ratings, check lists, defi- $ Please have the following catalogs, etc., reviewed in this issue sent to me. 
: « . . . . 
on itions of characteristics and details.- s N bers 

k ficro Switch Division, Freeport, Il. H umoers . os fiat ASTOR Sa 1ey Ae Se! 9 
™ . 

. ° ° . . ' . . 
she _ , ; s I also desire further information concerning the following new products described in 
Po} M-53 Instrument Knobs, Dials, Point- . th’s “Ne ae sonia’? SYemes he : 
> ers, ete. 16-page 8%”x11” Catalog 103 & this month’s “New Instruments epartmen 
a overs a large number and variety of § 
¥ iolded plastic parts for instruments.— : : ond ee oo eee ee has : tacky 
sg > = a P P e ° ° 
sae ‘urz-Kasch, Inc., 1437 Broadway, Day- 38 I also desire further information concerning the following products advertised in 

yn, Ohio. : this issue (Write page number and name of company) 

. 

CS ” 
0 M-54 Gas Analysis Cells. 19-page §: Name 
+e %”x11” mimeographed Bulletin 430E &§ _. ee 
we lescribes single and double-pass cells 8 Company. . Position 
io > € hla a =) ® , 
on lesigned so that they may be applied to ® Co.’s Address ... ay eee ere | 
a vailable laboratory millivoltmeters or 8s 
; otentiometers for continuous measure- = (OR) Home Address. 
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Cellular rubber specially com- 
pounded and molded to meet your 
exact requirements. Three types 
... SPONGEX*, with interconnect- 
ing cells. CELL-TITE* hard or 
CELL-TITE soft with individual 
cells. May be made resistant to 
gasoline, oil, corrosive vapors. Use 
for sealing, insulating, sound dead- 
ening, vibration elimination, weath- 
erstripping, cushioning, gasketing. 
Order now for industrial needs. 

Sensitive, easily damaged instru- 
ments are being safely delivered to 
many fighting fronts, often ’chuted 
from planes, packaged in our rub- 
berized curled hair or bound fibre 
forms. Send for sample. 


*Trade Mark Registered 


236 Derby Place 
SHELTON, CONN. 


WORLD’S LARGEST MANUFACTURER 
OF CELLULAR RUBBER PRODUCTS 








ment of gases. Operating principle, con- 


struction, schematic diagrams, applica- 
tions of cells and table of thermal con- 
ductivity of gases are included.—Wm. O 


Hebler Co., Central & Long Aves., Hill- 
side, New Jersey. 

M-55 Flow-rate Indicator and Alarm. 
8-page 81%4”%x11” Catalog 92-C describes 
“Rotasight” flow-rate indicator and 
flow-rate alarm. Operating principle, con- 
struction details, specifications, applica- 
tions and several illustrations are in- 
cluded, as are sketches showing opera- 
tion of alarm mechanism, and engineer- 
ing details.—Fischer & Porter Company, 
Hatboro, Pa. 


M-56 Tachometer Indicator General 
Test Stand. One-page 8%”x11” Data 
Sheet W-39 illustrates and describes a 
bench-and-panel equipment for testing 
aircraft tachometer indicators and gen- 
erators.—The Standard Electric Time 
Company, Springfield, Mass. 


M-57 “The CD Capacitor.” The 16- 
page November issue of this 54” x7” 
house organ features two articles: (1) 
“Phase Inverter Circuits” and (2) “Open 
Grid Tubes in Low-Level Amplifiers.” 
—Cornell-Dubilier Electric Corp., Hamil- 
ton Blvd., South Plainfield, New Jersey. 

M-58 Floatiess Liquid Level & Indus- 
trial Controls. 28-page 8%” x 11” Cata- 
log No. 145 describes method of control- 
ling liquid level without floats or vacuum 
tubes; and explains principle and opera- 
tion of B/W relay. Contains data, pictures 
of special contro] panels, application dia- 
grams, motor starters, selector switches, 
push buttons, special relays and other 
items. B/W Controller Corp., 2110 East 
Maple Road, Birmingham, Michigan. 


M-59 Metal Detector. 2-page 8%” xX 11” 
loose-leaf Page 169 describes an a-c. 
operated unit which detects presence of 
metal hidden in non-metallic materiais, 
providing both audible and visible alarms. 
Illustrated with photographs. General 
Electric Co., Schenectady, N. Y. 


M-60 Time Schedule Controller. 8-page 
81%” xX 11” Bulletin No. 98165 describes 
how a control schedule is established 
which requires repetition of a predeter- 
mined program involving time coupled 
with temperature, pressure, flow or liquid 


level. Shows how auxiliary functions 

be synchronized with control of m 
variable in processing cycle and met}! 
of regulation. Illustrated with pho! 
graphs showing actual applications 

well as cut-away views of instrume 
Taylor Instrument Companies, Rochest 
New York. 


aw 


M-61 Polariscope. 4-page 8%” xX 
folder describes Polaroid Glass test 
built to G.C.A. specifications. Machine h 
an unusually large diameter field and 
light in weight, portable and can t: 
strains in broad daylight. Made primar 
for inspectors in glass industry. T 
Polarizing Instrument Co., Inc., 41 Eat 
42nd St., New York 17, N. Y. 


M-62 Industrial Electronics. 40-pa 
84%” xX 11” Publication GEA-4309 co 
tains reprints of eight articles by G. 
Chute published in Steel. These artic) 
cover basic principles of electron tub: 
commercial applications and some pra 
tical circuits. In addition to discussion of 
tubes used as rectifiers and amplifiers, 
author covers electronic control of he 
applied by resistance welders, photo- 
electric relay, stepless control of motor 
speeds and high-frequency heaters. Gen- 
eral Electric Co., Schenectady, N. Y. 


M-63 Automatic Dropping Unit. Single. 
sheet 8%” X 11” leaflet pictures and doe- 
scribes dropping unit for determining 
thickness of cadmium, zinc, copper and 
tin coatings, using Hull & Strausser 
method. Unit delivers 100 drops of solu. 
tion per minute from standard-size bo 
tle. Kocour Co., 4724 S. Christiana Ave., 
Chicago 32, Illinois. 


M-64 Heating Furnace Control. 12-page 
8%” X 11” Bulletin 122 describes the ef- 
fects of furnace pressure and atmosphere 
on economy, quality and scale formatior 
Illustrated by photographs, schematic 
diagrams and graphs. Askania Regulator 
Co., 1603 S. Michigun Ave., Chicago 16, II! 


, 


to 


o 


M-65 Optical Projector. 2-page 9” x 
12” circular pictures and describes a pro- 
jector meeting U. S. Government gage 
laboratory specifications with 14144” diam 
eter ground glass screen and having 
magnification lens of 10X, 25x, 50x or 
90x. Vortman Optical Company, New 
Rochelle, N. Y. 


Moeller Instrument Company... i( 
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FOR ARMCHAIR RESEARCHERS — 














W&T PRECISION 
ANEROID MANOMETER 





Of course, little research can be conducted entirely from an armchair 
— but — neither is a gymnast required for precise wide range, pressure 
readings when using the W&T Precision Dial Manometer with a -cale 
readability equal to a conventional manometer ten feet high. 

Other design features which adapt the instrument to all types of precision 
pressure readings such as instrument calibrating, engine test stand work 
and laboratory procedures are: 


Range 0 - 120” of water (FA-145) 
0 - 120” of mercury (FA-146) 
Scale Expansion 5 times at lower range (FA-145) 
2 times at lower range (FA-146) 
Sensitivity ] part in 10,000 
Accuracy ] part in 1,000 
Hysteresis Negligible (FA-145) 


] part in 750 for full range 
Change in pressure (FA-146) 


Temperature Effect 3.75% per 100 C change 


Write for technical information 
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VACUUM TUBE 


VOLTMETER 


MODEL 62 


In addition.to its use as a high impedance AC and DC 
voltmeter, the Model 62 VTV™M is used for making 
stage gain measurements, resonance curves, standing 
wave determinations, amplitude-frequency character- 
istics, etc., from 30 cycles to beyond 150 megacycles. 
The extremely high input impedance of the DC voltage 
ranges facilitates leakage resistance measurements up 
to 50,000 megohms with 90 volt battery. 


MEASUREMENTS CORPO 


RATION 





